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Commercial t r a n s p o r t  a i r c r a f t  Iftiel consumption can be s i g n i f i c a n t l y  
reduced by dec reas ing  t h e  s i z e  of fhe h o r i z o n t a l  t a i l .  Th i s  r e p o r t  documents 
work accomplished f o r  t h e  NASA A i r c r a f t  Energy Ef f i c i ency  program by Lockheed 
toward development of a reduced area h o r i z o n t a l  t a i l  f o r  a commercial wide- 
body t r a n s p o r t .  
% I+ +. 
A d i s c u s s i o n  of t h e  work accomplished t o  reduce t h e  h o r i z o n t a l  t a i l  area I 
The reduced a rea  h o r i z o n t a l  t a i l  program c o n s i s t e d  of ' of t h e  L-1011 i s  given.  
des ign ,  f a b r i c a t i o n ,  and wind t u n n e l  t e s t i n g  of h o r i z o n t a l  t a i l s  wi th  reduced 
planform areas of 30 t o  38 percen t  r e l a t i v e  t o  t h e  s t anda rd  L-1011 t a i l .  Pro- 
f i l e  changes eva lua ted  inc luded  leading edge r a d i u s ,  camber, t h i c k n e s s  t o  
chord r a t i o ,  and h igh  l i f t  devices .  Planform changes eva lua ted  w e r e  t i p  con- 
f i g u r a t i o n ,  l ead ing  edge sweep,  aspec t  r a t i o ,  and t a p e r  r a t i o .  Included i n  
t h e  r e p o r t  are r e s u l t s  of t h e  high-speed and low-speed wind t u n n e l  tests. 
The t o t a l  d rag  of t h e  a i r c r a f t  i n  c r u i s e  w a s  reduced by approximately 2 pe r -  
c e n t .  However, i t  w a s  necessa ry  t o  impose a forward c .g .  l i m i a t i o n s  on t h e  
a i r c r a f t  because t h e  maximum l i f t  goal  of t h e  reduced area t a i l  w a s  n o t  
achieved and s u f f i c i e n t  a i r c ra f t  nose-up c o n t r o l  a u t h o r i t y  w a s  no t  a v a i l a b l e .  
On a new des ign  t h i s  problem could have been solved by moving t h e  l and ing  
gea r  a f t  and en la rg ing  t h e  cut-out  i n  t h e  a f t  f u s e l a g e  t o  a l low f o r  l a r g e r  
h o r i z o n t a l  s t a b i l i z e r  d e f l e c t i o n s .  However ,  s i n c e  t h i s  is an  e x i s t i n g  des ign  
t h e s e  m o d i f i c a t i o n s  w e r e  u n f e a s i b l e  and r e s u l t e d  i n  t h e  c .g .  r e s t r i c t i o n .  
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1. INTRODUCTION 
I n  a convent iona l  a i r p l a n e  design t h e  h o r i z o n t a l  t a i l  i s  s i z e d  t o  provide  
The requirement f o r  a s p e c i f i c  m a r -  
a s p e c i f i e d  l e v e l  of s ta t ic  s t a b i l i t y  and t h e  r equ i r ed  l o n g i t u d i n a l  c o n t r o l  
by having  an  adequate  C L ~  i n  down l i f t .  
g i n  of s t a t i c  s t a b i l i t y  r e s u l t s  i n  l a rge  s t a b i l i z e r  s u r f a c e s  and a forward 
cen te r -o f -g rav i ty  (c .g . )  range  bo th  of which p e n a l i z e  performance i n  terms of 
aerodynamic d rag  and v e h i c l e  weight.  I f  a n  a c t i v e  c o n t r o l  s y s t e m  were inco r -  
po ra t ed  i n t o  t h e  a i r p l a n e  i n  i t s  i n i t i a l  des ign ,  t o  provide  s t a b i l i t y  a r t i -  
f i c i a l l y ,  i t  is  conce ivable  t h a t  t h e  h o r i z o n t a l  t a i l  could  be s i z e d  t o  provide  
t h e  r e q u i r e d  a i r p l a n e  c o n t r o l  by using t h e  t a i l ' s  maximum l i f t  c a p a b i l i t y  i n  
bo th  up and down l i f t .  Th i s  would allow t h e  s i z e  of t h e  h o r i z o n t a l  t a i l  t o  
be s i g n i f i c a n t l y  decreased ,  t h u s  decreas ing  d rag  and weight.  Th i s  i s  shown 
concep tua l ly  i n  F igu re  1. 
Accepting t h e  p remise  t h a t  l a r g e  s t a t i c  margins are unnecessary wi th  
t h e  i n t r o d u c t i o n  of a s t a b i l i t y  augmentation system, t h e  aerodynamic o b j e c t i v e  
of t h i s  program i s  t o  de te rmine  the maximum drag  b e n e f i t  t h a t  can  be achieved 
by reducing  h o r i z o n t a l  t a i l  s i z e  c o n s i s t e n t  w i th  t h e  a i r p l a n e  c o n t r o l l a b i l i t y  
requi rements  and by moving t h e  a i r p l a n e ' s  c .g .  range  a f t .  Th i s  is accomplished 
by r edes ign ing  t h e  s u r f a c e  t o  inc rease  t h e  low-speed maximum l i f t  c a p a b i l i t y  
( t h u s  ma in ta in ing  l o n g i t u d i n a l  c o n t r o l l a b i l i t y )  and s imul taneous ly  no t  i nc reas -  
i n g  t h e  h o r i z o n t a l  t a i l  d r a g  c o e f f i c i e n t  a t  the c r u i s e  t r i m  l i f t  c o e f f i c i e n t .  
The fo l lowing  aerodynamic o b j e c t i v e s  are p o s t u l a t e d  f o r  t h e  new L-1011 
small t a i l  des ign .  F i r s t ,  f o r  good high-speed d rag  c h a r a c t e r i s t i c s  t o  ensu re  
t h a t  a t a i l  area reduc t ion  would r e s u l t  i n  a p r o p o r t i o n a l  d rag  dec rease :  
0 Sec t ion  d rag  c h a r a c t e r i s t i c s  similar t o  t h e  s t anda rd  L-1011 t a i l .  
0 No t a i l  d rag  rise w i t h i n  t h e  c r u i s e  Mach number reg ion .  
0 Maximum t a i l  l i f t - t o - d r a g  r a t i o  occur r ing  a t  nominal c r u i s e  
t r i m  C L' 
Second, a t  l o w  speed t o  achieve  a t a i l  s i z e  w i t h  s i g n i f i c a n t l y  reduced 
area : 
0 Achieve nose  wheel l i f t o f f  a t  forward c .g .  f o r  p r e s c r i b e d  nose  wheel 
l i f t  o f f  speeds.  
0 Have s u f f i c i e n t  c o n t r o l  power t o  s t a l l  t h e  a i r c r a f t  a t  forward c.g.  
0 Have s u f f i c i e n t  c o n t r o l  power f o r  s t a l l  recovery  a t  a f t  c .g .  
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Figure  1. - Reduced area h o r i z o n t a l  t a i l  s i z i n g  summary. 
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2.  SMALL TAIL INITIAL DESIGN 
Ear ly  e f f o r t s  t o  develop a s m a l l  h o r i z o n t a l  t a i l  were performed under 
Lockheed Independent Development funding and w e r e  aimed a t  inco rpora t ion  of t h e  
t a i l  on a d e r i v a t i v e  L-1011 a i r p l a n e .  This work is summarized h e r e ,  s i n c e  it  
p rov ides  a foundat ion  f o r  what became a p a r t  of t h e  NASA program. Much o f  t h e  
material p re sen ted  h e r e  w a s  p rev ious ly  documented i n  Reference 1. 
I n  o r d e r  t o  provide  adequate  l o n g i t u d i n a l  c o n t r o l  power w i t h  a smaller 
h o r i z o n t a l  t a i l  area, i t  w a s  necessary  to r edes ign  t h e  L - l o l l ' s  s t a b i l i z e r /  
e l e v a t o r  s u r f a c e s  and r e d e f i n e  t h e i r  d e f l e c t i o n  l i m i t s  t o  improve t h e  aero-  
dynamic e f f e c t i v e n e s s  of t h e  t a i l .  It was premised t h a t  t h e  sma l l e r  ho r i -  
z o n t a l  t a i l  would be mounted on t h e  same p i v o t  bea r ings  as  t h e  o r i g i n a l  L-1011 
t a i l  and would be a c t u a t e d  by the  same power a c t u a t o r  arrangement as i s  cur -  
r e n t l y  used.  The new h o r i z o n t a l  would be an a l l  f l y i n g  s u r f a c e ,  as  is  t h e  
o r i g i n a l ,  and would a l s o  have a similar geared e l e v a t o r  r ev i sed  t o  provide  
inc reased  l i f t ,  bo th  up and down as a func t ion  of t a i l  p l ane  angle .  The 
smaller t a i l  would have increased  angular c a p a b i l i t y  wi th in  t h e  e x i s t i n g  
L-1011 f u s e l a g e  cu tou t .  E leva to r  t r a v e l  would be inc reased  and s t a b i l i z e r /  
e l e v a t o r  gea r ing  would be def ined  t o  achieve t h e  des ign  o b j e c t i v e s .  
2 . 1  S iz ing  Analys is  
The g o a l  of h igh  l i f t  product ion  a t  low speed is  i n  c o n f l i c t  w i th  
a t t a i n i n g  t h e  good t r a n s o n i c  aerodynamics r e q u i r e d  f o r  meet ing t h e  p r i n c i p a l  
o b j e c t i v e  of low c r u i s e  drag.  This  c o n f l i c t  is s i m i l a r  i n  des igning  wings 
and t h u s  t h e  approach taken  i n  ho r i zon ta l  t a i l  d e f i n i t i o n  is  analogous t o  t h e  
method f o r  wing des ign .  The o b j e c t i v e  of t h e  t a i l  des ign  d e f i n i t i o n  w a s  t o  
select an a i r f o i l  which i s  a s a t i s f a c t o r y  compromise between high-speed and 
high l i f t  o b j e c t i v e s .  A h e l i c o p t e r  ro to r  b l ade  a i r f o i l  s e c t i o n  w a s  chosen 
as an  i n i t i a l  approximation f o r  t h e  t a i l  a i r f o i l .  The wide range  of aero-  
dynamic c o n d i t i o n s  dur ing  a s i n g l e  cyc le  of a h e l i c o p t e r  r o t o r  a t  h igh  f o r -  
ward speed and h igh  Mach number on t h e  advancing t i p ,  and low speedlh igh  
a n g l e  of a t t a c k  on t h e  r e t r e a t i n g  b lade ,  p l a c e  c o n s t r a i n t s  on r o t o r  a i r f o i l  
des ign  s imilar  t o  those  faced  i n  designing t h e  r e l axed  s t a b i l i t y  t a i l .  The 
a i r f o i l  s e c t i o n  f o r  t h e  t a i l  w a s  s e l ec t ed  from s e v e r a l  advanced r o t o r  air- 
f o i l s ,  whose exper imenta l  c h a r a c t e r i s t i c s  are documented i n  Reference 2 .  The 
chosen s e c t i o n  w a s  modified s l i g h t l y  on t h e  t a i l  lower s u r f a c e  (convex s i d e )  
t o  conform wi th  thickness-to-chord ra t io  c o n s t r a i n t s  f o r  t h e  t a i l .  The a i r -  
f o i l  s e c t i o n  and i t s  o r d i n a t e s  are  presented i n  F igu re  2 a long  w i t h  a compari- 
son t o  s t anda rd  h o r i z o n t a l  t a i l  a i r f o i l  c h a r a c t e r i s t i c s .  
2.2 T a i l  S i z ing  
The s m a l l  h o r i z o n t a l  t a i l  s i z i n g  a n a l y s i s  w a s  performed us ing  what have 
been cons idered  c r i t i c a l  c o n t r o l  c r i t e r i a .  
a t  t h e  forward l i m i t ,  t h e  c r i t i c a l  requirements are t o  be a b l e  t o  r o t a t e  t h e  
a i r p l a n e  f o r  t a k e o f f ,  and t o  c o n t r o l  the a i r p l a n e  t o  s t a l l  i n  t h e  landing  
c o n f i g u r a t i o n .  With t h e  c e n t e r  of g r a v i t y  a t  t h e  a f t  l i m i t ,  t h e  t a i l  s i z e  f o r  
With t h e  c e n t e r  of g r a v i t y  (c .g . )  
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wi th  t h e  s t anda rd  t a i l  a i r f o i l .  
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a r e l a x e d  s t a b i l i t y  a i r p l a n e  i s  determined by a i r p l a n e  nose-down s t a l l  recovery  
requi rements  evolved from f l i g h t  data .  The a f t  c .g .  s t a l l  recovery c r i t e r i o n  
w a s  ob ta ined  from a s ta t is t ical  study of s t a l l  t i m e  h i s t o r i e s  wherein less 
than  f u l l  throw w a s  used f o r  recovery.  Th i s  t e n d s  t o  d e f i n e  a recovery  
a c c e l e r a t i o n  which f e e l s  comfortable  t o  t h e  p i l o t .  
S p e c i f i c a l l y ,  t h e  s m a l l  h o r i z o n t a l  t a i l  w a s  s i z e d  i n  accordance wi th  t h e  
fo l lowing  requirements:  
Takeoff nose wheel l i f t o f f  a t  forward c .g .  w i t h  maximum takeoff  f l a p s  
a t  t h e  lesser of 1.05 of the air  
FAA s t a l l  speed. 
0 Cont ro l - to - s t a l l  a t  forward c.g.  
and i d l e  t h r u s t .  
2 
0 A t  least 4.58 deglsec  nose-down 
a t  a f t  c .g .  and a t  t h e  FAA s t a l l  
minimum c o n t r o l  speed o r  1.1 of t h e  
wi th  maximum landing  f l a p s  ( 4 2  degrees)  
p i t c h  a c c e l e r a t i o n  f o r  s t a l l  recovery  
speed f o r  maximum landing  weight .  
A t  least n e u t r a l  s t a b i l i t y  a t  a f t  c .g .  
A c.g.  range equal  t o  t h a t  of t h e  s t anda rd  L-1011, 12 pe rcen t  t o  
35 percent  T (67.5 i nches )  f o r  weights  less than  338,000 l b s .  
Within t h e  phys ica l  c o n s t r a i n t s  of t h e  a i r p l a n e  geometry and a c t u a t i n g  
mechanisms, t h e  s t a b i l i z e r / e l e v a t o r  d e f l e c t i o n  l i m i t s  w e r e  i nc reased  t o  
expand t h e  useab.le l i f t  c a p a b i l i t y  of t h e  t a i l .  By reducing t h e  h o r i z o n t a l  
t a i l  s i z e ,  i t  was i n i t i a l l y  assumed t h a t  t h e r e  would b e  s u f f i c i e n t  space  i n  
t h e  e x i s t i n g  s t r u c t u r e  t o  expand t h e  nega t ive  s t a b i l i z e r  d e f l e c t i o n  l i m i t  
from -14 degrees  t o  -18 degrees  and the  p o s i t i v e  d e f l e c t i o n  l i m i t  from 
+1 degrees  t o  2 degrees .  It w a s  f u r t h e r  assumed t h a t  t h e  s t a b i l i z e r l e l e v a t o r  
g e a r i n g  could be  modif ied t o  widen t h e  e l e v a t o r  d e f l e c t i o n  l i m i t s  s o  t h a t  
when t h e  s t a b i l i z e r  d e f l e c t e d  i s  -18 degrees  t h e  corresponding e l e v a t o r  ang le  
i s  -30 degrees  and a t  t h e  p o s i t i v e  s t a b i l i z e r  l i m i t  of +2 degrees  t h e  e l e v a t o r  
is  d e f l e c t e d  +10 degrees .  
R e s u l t s  of  t h e  i n i t i a l  t a i l  s i z i n g  a n a l y s i s  are shown i n  F igure  l b ,  
which shows t h e  h o r i z o n t a l  t a i l  volume c o e f f i c i e n t  needed t o  s a t i s f y  t h e  
s t a b i l i t y  and c o n t r o l  requi rements  f o r  a s p e c i f i e d  c .g .  range. 
shows t h a t  t h e  minimum s i z e  h o r i z o n t a l  t a i l  f o r  an  L-1011 i s  800 squa re  f e e t  
(23 percen t  of t h e  wing area) compared t o  t h e  s t anda rd  L-1011 h o r i z o n t a l  t a i l  
area of 1282 square  f e e t  (37 percen t  of t h e  wing area). This  r e p r e s e n t s  a 
r e d u c t i o n  i n  h o r i z o n t a l  t a i l  area of 38 percen t .  
Th i s  f i g u r e  
What is s u r p r i s i n g  i n  F igu re  1, is  t h a t  t h e  a f t  c.g.  l i m i t  has  n o t  moved 
a f t ;  i t  is st i l l  a t  35 percen t  c due t o  t h e  upthrow a u t h o r i t y  r e s t r i c t i o n s  of 
t h e  L-1011 t a i l .  
a i r p l a n e .  
t o  be inc reased  by t h e  t a i l  area r a t i o .  
' 
i Thus t h i s  modi f ica t ion  would be a p p l i c a b l e  t o  a d e r i v a t i v e  However, t h e  t a i l  l i f t  c o e f f i c i e n t  t o  t r i m  t h e  a i r p l a n e  is going , 
! 
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2 . 3  H16 Small  H o r i z o n t a l  T a i l  
The fol lowing c h a r a c t e r i s t i c s  of t h e  t a i l  w e r e  assumed t o  d i f f e r  from 
t h e  s t a n d a r d  L-1011 c o n f i g u r a t i o n  t o  improve t h e  low-speed l i f t  c a p a b i l i t y  
of t h e  s u r f  ace : 
0 Cambered a i r f o i l  s e c t i o n  
0 Reduced planform sweep a t  mac/4 
0 Increased e l e v a t o r  chord r a t i o  
0 Increased t a i l  inc idence  range 
0 Increased e l e v a t o r  a n g l e  range r e l a t i v e  t o  FRL 
0 No d i h e d r a l  
0 Taper r a t i o  
Other c h a r a c t e r i s t i c s  of t h e  t a i l  which were n o t  changed w e r e :  
Aspect r a t i o  = 4 .0  
Thicknesslchord r a t i o  = 9 percent  
The new s m a l l  h o r i z o n t a l  t a i l  planform is shown i n  F igure  3 .  The wind - 
tunnel  model des igna t ion  f o r  t h i s  t a i l  i s  H16. 
i s  shown a s  a n  overlay t o  an image of  t h e  s t a n d a r d  h o r i z o n t a l  t a i l ,  d e s i g n a t e d  
H8c 
For comparison t h e  small t a i l  
The new s m a l l  h o r i z o n t a l  t a i l  w a s  designed accord ing  t o  t h e  geometric 
s p e c i f i c a t i o n  i n  Table 1, which f o r  comparison a l s o  l i s t s  c h a r a c t e r i s t i c s  o f  
t h e  s tandard  t a i l ,  
The t o t a l  hor izonta l  t a i l  a r e a  i n c l u d e s  t h e  imaginary o r  carry- through 
p o r t i o n  of t h e  planform which is hidden w i t h i n  t h e  f u s e l a g e .  
as  t a i l  s i z e  is  decreased,  a smaller f r a c t i o n  of t h e  t a i l  i s  exposed, which 
t e n d s  t o  degrade h o r i z o n t a l  t a i l  e f f e c t i v e n e s s  somewhat. 
A s  a r e s u l t ,  
2 . 4  Predic ted  Cruise  Drag Reduction 
The reduct ion  i n  aerodynamic drag due t o  t h e  smaller h o r i z o n t a l  t a i l  w a s  
e s t i m a t e d  by using s t a n d a r d  handbook methods f o r  l i f t i n g  s u r f a c e s .  
l a r  technique  which w a s  employed a p p l i e s  a form f a c t o r  f o r  a i r f o i l  t h i c k n e s s  t o  
t h e  p l a n a r  s u r f a c e  compressible  s k i n  f r i c t i o n  drag  computed by t h e  Sommer and 
Shor t  T '  method. 
r e l a t i o n  of a i r f o i l  d r a g  w i t h  t h i c k n e s s  r a t i o .  
The p a r t i c u -  
The form f a c t o r  w a s  determined by a s p e c i a l  Lockheed cor -  
6 
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TABLE 1. - COMPARISON OF SMALL T A I L  AND STANDARD TAIL CHARACTERISTICS. 
Aspect ratio 
Taper ratio 
Leadingedge radius 
Camber 
Thickness ratio 
Quarter chord sweep 
Area, ft2 
Total 
Exposed 
Exposed/Total 
Elevator chord ratio 
Stabilizer throw 
Elevator throw 
H8c 
Standard 
4 
0.33 
0.0089~ 
0 
0.09 
3 5 O  
1282 
960 
0.75 
0.25 
15' 
25' 
(+lo to -14') 
(OOtO -25') 
H16 
Small 
4 
0.3 
0.006~ 
0.013~ 
0.09 
28' 
800 
565 
0.71 
0.3 
20° 
(+2'to -18') 
(+loo to -30') 
40' 
R e s u l t s  of t h e s e  computations a r e  shown i n  F i g u r e  4 .  These d a t a  i l l u s t r a t e  
t h e  p o t e n t i a l  drag advantages of  t h e  s m a l l  t a i l  compared t o  t h e  s tandard  con- 
f i g u r a t i o n .  
test c o n d i t i o n s  and 7 counts  a t  f u l l - s c a l e  c r u i s e  c o n d i t i o n s .  
a p o t e n t i a l  drag s a v i n g s  of  2.7 percent  a t  nominal c r u i s e  c o n d i t i o n s .  
The s m a l l  t a i l  o f f e r s  a drag  reduct ion  of 11 counts  a t  wind-tunnel 
This  r e p r e s e n t s  
The n e t  improvement i n  c r u i s e  e f f i c i e n c y  would approach 3 percent  due t o  
t h e  s l i g h t  weight r e d u c t i o n  of t h e  smaller h o r i z o n t a l  t a i l .  
I 
2.5 Concept V e r i f i c a t i o n  
I n i t i a l  concept v e r i f i c a t i o n  wind-tunnel tests of t h e  s m a l l  h o r i z o n t a l  
t a i l  were conducted under Lockheed Independent Development funding i n  1976. 
Two sets were performed: i n  A p r i l ,  a high-speed test (N-307) i n  t h e  Calspan 
Corporat ion 8-Foot Transonic  F a c i l i t y  f o r  c r u i s e  drag  e v a l u a t i o n ;  and i n  
November, a t es t  (L-404) i n  t h e  Lockheed-California Company Low Speed Wind 
Tunnel t o  determine t h e  h i g h - l i f t  c h a r a c t e r i s t i c s  of t h e  s m a l l  h o r i z o n t a l  
t a i l .  
8 
P 
E 
ORKwAL PACE fq 
OF POOR QUALITY 
I h  
I I I I 
0 - 0 N 0 0 d m 
0001 X O3V - SlNn03 9VUO 3NWldUW' 
0 
d 
l-i a u 
G 
0 
N 
.d 
Ll 
2 
9 
A convenient method o €  eva lua t ing  h o r i z o n t a l  t a i l  d rag  c h a r a c t e r i s t i c s  i s  
by a composi te  p lo t  of t a i l - o n  and t a i l - o f f  d rag  c o e f f i c i e n t  p re sen ted  as  a 
func t ion  of p i t ch ing  moment €o r  v a r i o u s  trimmed l i f t  c o e f f i c i e n t s .  This  t y p e  
of p l o t  f o r  a n  L-1011 w i th  H i 6  small h o r i z o n t a l  t a i l  is presented  i n  1:igure 5. 
This  p l o t  a l lows  e x t r a c t i o n  o f  h o r i z o n t a l  t a i l  p a r a s i t e  d rag ,  t h e  drag  a t  ze ro  
n e t  l i f t  on t h e  t a i l ,  by determining t h e  drag  a t  p o i n t s  o r  i n t e r s e c t i o n  of t h e  
t a i l - o f f  curve  with t a i l - o n  drag  f o r  p a r t i c u l a r  l i f t  c o e f f i c i e n t s .  
The technique i l l u s t r a t e d  by Figure  5 w a s  used t o  e x t r a c t  h o r i z o n t a l  t a i l  
z e r o - l i f t  d rag  from the  high-speed wind-tunnel t e s t  d a t a .  Zero l i f t  d rag  i s  
t h e  d i f f e r e n c e  i n  drag between t a i l  o f f  and on a t  t h e  same t o t a l  a i r p l a n e  C I ~  
and C 
of t h e  s m a l l  t a i l  compared t o  t h e  s t a n d a r d  t a i l  L-1011. For a c r u i s e  Mach 
number of 0 . 8 4 ,  Figure 6 shows t h e  ze ro  t r i m  d rag  p o l a r  c h a r a c t e r i s t i c s  of t h e  
L-1011 w i t h  H i 6  small and H8c s tandard  I ior izonta l  ta i ls .  These d a t a ,  a long  
wi th  s i m i l a r  d a t a  f o r  Mach numbers 0 .8  and 0 . 8 2 ,  were used t o  extract  t h e  n e t ,  
z e r o - l i f t  d rag  c h a r a c t e r i s t i c s  oC t h e  smal l  and s t anda rd  h o r i z o n t a l  t a i l s  a s  
shown i n  F igure  7 .  The r e s u l t s  sliow t h a t  t h e r e  is a p o t e n t i a l  Cul l  s c a l e  drag  
b e n e f i t  of 5 . 1  counts .  The d a t a  i n  1:igurc 8 show t h a t  t h i s  t r a n s l a t e s  i n t o  
a n e t  performance improvement of 2 p e r c c n t ,  r e l a t e d  t o  t h e  c r u i s e  l i f t - t o - d r a g  
r a t i o n  c h a r a c t e r i s t i c s  of t h e  a i r p l a n e .  Th i s  is  25 percent  below t h e  p r e d i c t e d  
drag  r educ t ion  shown i n  F igu re  4 .  The d i f f e r e n c e  could b e  due  t o  a number 
oE reasons  such a s  t h e  e f f e c t s  of fu se l age  b o a t t a i l ,  wing wake, e t c .  
The r e s u l t s  of t h i s  a n a l y s i s  show t h e  p o t e n t i a l  d rag  r educ t ion  m. 25c" 
The 2 percent  improvement i n  c r u i s e  l i f t - t o - d r a g  r a t i o  coupled wi th  t h e  
es t imated  weight  r educ t ion  of t h e  smaller t a i l  would r e s u l t  i n  about  2 . 5  pe r -  
c e n t  o v e r a l l  improvement i n  long-range-mission f u e l  e f f i c i e n c y .  These r e s u l t s  
were cons idered  s u f f i c i e n t l y  promising t o  f u r t h e r  pursue  development of t h e  
s m a l l  h o r i z o n t a l  t a i l .  
S t a b i l i t y  and c o n t r o l  d a t a  from t h e  p re l imina ry  high-speed t e s t s  showed 
good agreement with p red ic t ed  v a l u e s  of a i r p l a n e  n e u t r a l  p o i n t  and c o n t r o l  
power. 
The ho r i zon ta l  t a i l  h i g h - l i f t  c h a r a c t e r i s t i c s  from low-speed wind-tunnel 
test r e s u l t s  a r e  shown i n  F i g u r e  9 .  These d a t a  r e v e a l  s e r i o u s  d e f i c i e n c i e s  
i n  t h e  i n i t i a l  a i r f o i l  cho ice  a t  h igh  a n g l e  of a t t a c k  w i t h  t h e  e l e v a t o r  d e f l e c t e d .  
T a i l  s t a l l  a n g l e  without  e l e v a t o r  d e f l e c t i o n  w a s  approximately -18 degrees  
t a i l  a n g l e  of a t t a c k  which w a s  t h e  expected a n g l e  f o r  t h e  tes t  Reynolds number 
(about 106 r e f e r r e d  t o  t a i l  C ) .  
progres s ive ly  h igher ,  t h e  s t a l l  a n g l e  dropped r a p i d l y .  Flow v i s u a l i z a t i o n  by 
t u f t s  showed leading  edge s e p a r a t i o n ,  and d i s t u r b e d  and sepa ra t ed  f low behind 
t h e  e l e v a t o r  hinge. Appearance of  leading-edge s e p a r a t i o n  c o r r e l a t e d  w e l l  
w i t h  measured s t a l l  a n g l e  of a t t a c k .  The r e s u l t  w a s  a maximum l i f t  c o e f f i c i e n t  
f o r  t h e  h o r i z o n t a l  t a i l  of -1.2, shown i n  F igure  9 ,  25 pe rcen t  below t h e  tar- 
g e t  va lue  of -1.6 i n i t i a l l y  used t o  s i z e  t h e  t a i l .  
However, as t h e  e l e v a t o r  a n g l e  w a s  set 
10 
M - 0.84 
RNc~EXp - 1.66 X lo6 
Figure  5 .  - T o t a l  a i r p l a n e  d rag  w i t h  and wi thou t  t h e  
H i 6  small h o r i z o n t a l  t a i l .  
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Figure 6 .  - Zero t r i m  drag p o l a r  c h a r a c t e r i s t i c s  of t h e  L-1011 w i t h  
small and H s t a n d a r d  h o r i z o n t a l  t a i l s .  
H16 8c 
I n  a n  a t tempt  t o  improve t h e s e  l i f t  c h a r a c t e r i s t i c s ,  t h r e e  l i f t -enhancement  
d e v i c e s  were prepared f o r  a second low-speed test  e n t r y .  These w e r e :  a p l a i n  
lead ing  edge f l a p  ( o r  drooped l e a d i n g  edge) , a Kreuger f l a p ,  and a second ele- 
v a t o r  hinge a t  t h e  mid-point of t h e  e l e v a t o r  chord a l lowing  a double  a r t i c u -  
l a t e d  motion t o  b e  s imulated.  The l e a d i n g  edge f l a p  provided no b e n e f i t  f o r  
t h i s  a i r f o i l ,  b u t  the Krueger f l a p  e f f e c t i v e l y  delayed l e a d i n g  edge s t a l l .  
The combined Krueger and double  e l e v a t o r  produced a maximum l i f t  c o e f f i c i e n t  
of  -1.4 a t  16 degrees a n g l e  of a t t a c k ,  as shown i n  F igure  10. I f  t h i s  v a l u e  
w e r e  s c a l e d  from wind-tunnel t o  f l i g h t  Reynolds numbers (about 20 t i m e s  
h i g h e r ) ,  t h e  design v a l u e  of -1.6 might v e r y  w e l l  be r e a l i z e d .  
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T 
, 1 - 1 1 1 1 1 1 1 1 D m o 1 - 1 1 1 1 - D - - ~ - ~ - ~ ,  
FULL SCALE 
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F i g u r e  7 .  - Wind-tunnel test  z e r o - l i f t  d rag  c h a r a c t e r i s t i c s  of  HI6 
small and H& standard h o r i z o n t a l  t a i l s .  
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Figure  8. - H16 s m a l l  h o r i z o n t a l  t a i l  c r u i s e  performance b e n e f i t .  
The p o t e n t i a l  f o r  s i g n i f i c a n t  c r u i s e  drag r e d u c t i o n  w a s  shown by t h e  I 
i n i t i a l  concept v e r i f i c a t i o n  wind-tunnel tests of  a 38 p e r c e n t  smaller h o r i -  
z o n t a l  t a i l .  However, t h e  smaller t a i l  w a s  found d e f i c i e n t  i n  low-speed con- 
t r o l  c a p a b i l i t y  without t h e  i n t r o d u c t i o n  of complex h i g h - l i f t  devices .  I t  
w a s  concluded t h a t  t h e  d e s i g n  of a system wi th  h i g h - l i f t  d e v i c e s  w a s  t oo  com- 
p lex  f o r  product ion c o n s i d e r a t i o n ,  and f u r t h e r  development of t h i s  i n i t i a l  
t a i l  d e s i g n  w a s  abandoned i n  favor  of a new d e s i g n  w i t h  improved a i r f o i l  
c h a r a c t e r i s t i c s .  
14 
Figure  9.  - H16 sinall h o r i z o n t a l  t a i l  h i g h - l i f t  
c h a r a c t e r i s t i c s  - p l a i n  elevator. 
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F i g u r e  10. - Hi6 s m a l l  h o r i z o n t a l  t a i l  h i g h - l i f t  c h a r a c t e r i s t i c s  - double 
segment e l e v a t o r  and Krueger f l a p .  
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3 .  SMALL TAIL REDESIGN 
Advanced a i r f o i l  technology was u t i l i z e d  i n  t h e  new des ign  e f f o r t  i n  a n  
a t t e m p t  t o  des ign  a r e l a t i v e l y  t h i c k  s e c t i o n  w i t h  l a r g e  leading-edge r a d i u s  
t o  provide  high l i f t  a t  low s p e e d  f o r  c o n t r o l l a b i l i t y  w h i l e  no t  s i g n i f i c a n t l y  
degrading h igh  speed drag  c h a r a c t e r i s t i c s .  Res ta ted ,  t h e  new t a i l  r e d e s i g n  
w a s  t o  m e e t  t h e  s p e c i f i e d  d e s i g n  o b j e c t i v e s  f o r  low-speed performance whi le  
d u p l i c a t i n g  t h e  good high-speed c h a r a c t e r i s t i c s  demonstrated i n  wind-tunnel 
t es t s  of t h e  i n i t i a l  des ign .  Undesirable  s e p a r a t i o n  and s t a l l  c h a r a c t e r i s t i c s  
observed i n  pre l iminary  tests of  t h e  i n i t i a l  t a i l  d e s i g n  would b e  e l i m i n a t e d  
w i t h  minimal r e l i a n c e  on complex l if t-enhancement devices .  
3 .1  RSS2 A i r f o i l  Development 
The RSS2 a i r f o i l  w a s  developed by evolving a b e t t e r  t rade-off  between 
low-speed download c a p a b i l i t y ,  M = 0 .2 ,  t a i l  CL = -1 .6,  and low c r u i s e  d r a g ,  
M = 0 .84 ,  t a i l  CL = -0.2, than  t h e  compromise o f f e r e d  by t h e  h e l i c o p t e r  b l a d e  
s e c t i o n  used i n  t h e  i n i t i a l  work. T h i s  a n a l y s i s  a t  t h e  i n i t i a l  s e c t i o n  pro- 
p e r t i e s ,  t h e  methods t h a t  have been used t o  improve t h e  r e s u l t s ,  and t h e  
sequence o f  d e s i g n  evolu t ion .  
P r e s s u r e  d i s t r i b u t i o n  on t h e  t a i l  s u r f a c e  was t h e  primary e v a l u a t i o n  
b a s i s  i n  t h e  des ign  process .  
Jameson-Caughey exac t  p o t e n t i a l  i n v i s c i d  f low a n a l y s i s  code, FLO-22 (Refer-  
ence 1 and 2):  This  program so lves  t h e  f u l l  p o t e n t i a l  f low e q u a t i o n s  f o r  a 
wing ( o r  t a i l  panel)  mounted on an i n f i n i t e  p l a t e .  
a b i l i t y ,  ease of o p e r a t i o n ,  and sound t h e o r e t i c a l  b a s i s  prompted t h e  c h o i c e  
of t h i s  program. Force and moment c o e f f i c i e n t s  were a l s o  obta ined  from t h e  
i n t e g r a t e d  p r e s s u r e  d a t a .  
The p r e s s u r e  d a t a  were produced w i t h  t h e  
Good o p e r a t i o n a l  re l i -  
T h e o r e t i c a l l y  developed c r u i s e  and low-speed p r e s s u r e  p r o f i l e s  f o r  t h e  
i n i t i a l  s m a l l  h o r i z o n t a l  t a i l  a i r f o i l  s e c t i o n  ( F i g u r e  1 )  a r e  shown i n  
F igures  11 and 1 2 .  These d a t a  were computed a t  a h o r i z o n t a l  t a i l  s t a t i o n  
of about  314 span. The c r u i s e  pressure  d i s t r i b u t i o n ,  F igure  11, is q u i t e  
a c c e p t a b l e ,  showing a r e l a t i v e l y  weak shock. However, t h e  sample low-speed 
case p l o t ,  F i g u r e  12,  shows a v e r y  peaky l e a d i n g  edge s u c t i o n  on t h e  lower 
s u r f a c e  ( a s  i n s t a l l e d  on t h e  a i r p l a n e )  which w i l l  l e a d  t o  s e p a r a t i o n  and a 
l e a d i n g  edge t y p e  s t a l l ,  a s  w a s  discovered i n  t h e  wind-tunnel t e s t .  
To start  d e s i g n  e v o l u t i o n ,  a first r e d e s i g n  c o n s i s t e d  of t h e  i n i t i a l  
a i r f o i l  upper s u r f a c e  (which performed w e l l  i n  wind t u n n e l  t e s t s )  and a 
h i g h l y  cambered lower s u r f a c e  t o  enhance low-speed download c a p a b i l i t y .  This  
combination w a s  f i t t e d  w i t h  an a n a l y t i c  d e s c r i p t i o n .  
The r e s u l t s  of t h e  blend f o r  the c r u i s e  c o n d i t i o n ,  as  analyzed w i t h  FLO-22 
showed t h e  lower s u r f a c e  p r e s s u r e  d i s t r i b u t i o n  c l e a r l y  unacceptab le  due  t o  a 
cont inuous s u p e r c r i t i c a l  expansion which terminated i n  a s t r o n g  shock. The 
low-speed p r e s s u r e  d i s t r i b u t i o n  w a s  n o t  q u i t e  as peaky as F i g u r e  12,  b u t  t h i s  
s e c t i o n  f a v o r s  t h e  low-speed case too s t r o n g l y .  I t e r a t i o n s  t o  f i n d  a com- 
promise used t h e  Curvature  A i r f o i l  Shaping (CAS) t o o l  d e s c r i b e d  below. 
17 
18 
00  = 
o c  
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
C 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 Zi -! 7 
I I 
L 
0 
u x 
C 
0 
*ti 
u 
u 
a, m 
ORIGCNAL PACE !$ 
OF POOR QUWLIW 
00 = 
v) 
0 
I 
h 
0 
0 
0 n 
[ 
c 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 "  0 0 0 I I I I I 
e c3 cv 7 
I I I I 
h (D v) 
I I I 
a z  
D 
10 
0 2  
0 
0 
0 
- ?  
O0 
o g  X 
OB 
0 
0 
0 
0 
0 
0 
0 "0 
0 
3 
I 
n 
0 
d 
0 
.d 
U 
1 
D 
.rl 
k 
U 
rn 
.d 
-a 
a, 
k 
1 
rn 
0 
a, 
k a 
a 
(d 
0 
rl 
0 
-0 
c 
bo 
.rl c 
a 
a, 
a, a 
0) 
? 
2 
e 
0 
4 
c 
0 
*rl 
u 
u 
a, 
rn 
d 
*rl 
0 
rcl 
k 
*rl 
a 
d 
a 
*rl 
U 
9-4 
C 
H 
I 
N 
d 
a, 
k 
3 
M 
*d 
kl 
19 
The a n a l y t i c  d e s c r i p t i o n  of t h e  combination a i r f o i l  d e s c r i b e d  above w a s  
produced us ing  pa r t  of t h e  i t e r a t i v e  wing des ign  CAS system which i s  d e p i c t e d  
i n  t h e  f low diagram given i n  F igure  13. This  d e s i g n  system has  been f u l l y  
automated, a s  implied by t h e  f low diagram. The c o r n e r s t o n e  of t h e  system i s  
t h e  a b i l i t y  t o  d e f i n e  t h e  whole s u r f a c e  geometry by s p e c i f y i n g  a few key 
parameters  a t  t h e  s u r f a c e  c o n t r o l  s t a t i o n s .  The s u r f a c e  geometry genera ted  by 
t h e  CAS package s a t i s f i e s  a series of c u r v a t u r e  c o n d i t i o n s  which tend t o  gen- 
e r a t e  good t ransonic  shapes.  Thus, even though some amount of i t e r a t i o n  may 
b e  r e q u i r e d  t o  a r r i v e  a t  t h e  proper  combination of parameters  t h a t  w i l l  r e s u l t  
i n  t h e  d e s i r e d  t y p e  of p r e s s u r e  d i s t r i b u t i o n ,  t h e  a c t u a l  number of i t e r a t i o n s  
is u s u a l l y  very  low. The r a p i d  convergence r a t e  is  due t o  t h e  i n h e r e n t  geo- 
met r ic  p r o p e r t i e s  of t h e  CAS d e f i n i t i o n ,  as w e l l  a s  t o  t h e  f a c t  t h a t  t h e  
d e s i g n e r  only has t o  o p e r a t e  w i t h  a r e l a t i v e l y  low number o f  parameters  t o  
d e s c r i b e  t h e  e n t i r e  wing s u r f a c e .  T h i s  g r e a t l y  h e l p s  t h e  d e s i g n e r  i n  q u i c k l y  
developing a f e e l  f o r  how t o  p e r t u r b  t h e s e  parameters  i n  o r d e r  t o  a r r i v e  a t  
t h e  d e s i r e d  t y p e  of p r e s s u r e  d i s t r i b u t i o n  whi le  s a t i s f y i n g  whatever c o n s t r a i n t s  
might have been imposed upon t h e  des ign .  
The a n a l y s i s  module of t h e  system i s  t h e  FLO-22 t r a n s o n i c  swept wing f u l l  
p o t e n t i a l  code. I n  a d d i t i o n  t o  t h e  automatic  d i s p l a y  of p r e s s u r e  d i s t r i b u t i o n s  
and o t h e r  computed aerodynamic c h a r a c t e r i s t i c s ,  t h e  des ign  system a u t o m a t i c a l l y  
g e n e r a t e s ,  a t  t h e  o p t i o n  of t h e  u s e r ,  d a t a  sets f o r  a i r  l o a d s l s t r u c t u r a l  
a n a l y s e s  and comprehensive l o f t i n g  of t h e  wing inc luding  a l l  r e q u i r e d  drawings 
f o r  wind t u n n e l  model f a b r  ica t ion .  
The CAS program w a s  used t o  improve t h e  c r u i s e  p r e s s u r e  d i s t r i b u t i o n  w h i l e  
holding t h e  low-speedlhigh-download c a s e  l e a d i n g  edge s u c t i o n  peakiness  from 
going t o  excessive v a l u e s .  The f i r s t  i t e r a t i o n  us ing  t h i s  t o o l  reduced t h e  
a i r f o i l  th ickness .  Cru ise  performance w a s  b e t t e r ,  a s  shown by t h e  d a t a  i n  
F igure  1 4 ,  but  s t i l l  e x h i b i t e d  shocked f low on t h e  upper s u r f a c e .  The n e x t  
i t e r a t i o n  increased t h e  r a d i u s  of t h e  l e a d i n g  edge t o  reduce  peakiness .  The 
r e s u l t s  i n  F igure  15 show a reduced l e a d i n g  edge p r e s s u r e  g r a d i e n t .  However, 
t h e  peak is  i n t o  s u p e r c r i t i c a l  f low p r e s s u r e  c o e f f i c i e n t  v a l u e s .  On t h e  t h i r d  
i t e r a t i o n ,  t h e  th ickness  was f u r t h e r  reduced, and t h e  l e a d i n g  edge r a d i u s  w a s  
reduced back t o  a p r i o r  i t e r a t i o n .  These changes improved t h e  upper s u r f a c e  
p r e s s u r e  p r o f i l e ,  b u t  unfavorably a f f e c t e d  t h e  lower s u r f a c e  p r e s s u r e s  
( F i g u r e  1 6 ) .  
The f o u r t h  change used t h e  upper s u r f a c e  of  t h e  t h i r d  i t e r a t i o n  s e c t i o n  
f o r  t h e  inboard span s t a t i o n s .  The outboard span s t a t i o n s  used t h e  lower sur-  
f a c e  of t h e  f i r s t  i t e r a t i o n  s e c t i o n .  The upper s u r f a c e s  w e r e  modif ied f o r  bo th  
l o c a t i o n s  t o  g i v e  a smaller l e a d i n g  edge r a d i u s .  These changes r e s u l t e d  i n  a n  
improved c r u i s e  performance as  shown i n  F i g u r e  1 7 .  F igure  18 shows t h a t  t h e  
low-speed s u c t i o n  recompression g r a d i e n t  w a s  t oo  h igh .  More c u r v a t u r e  w a s  
introduced i n t o  t h e  upper s u r f a c e  of bo th  outboard and inboard a i r f o i l  s e c t i o n s  
t o  h e l p  t h i s  problem by reducing t h e  recompression ra te .  A r e d u c t i o n  i n  t h e  
low-speed s u c t i o n  peakiness  was accomplished wi th  t h e  f i f t h  i t e r a t i o n  as shown 
i n  F i g u r e  1 9 .  
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A f i n a l  i t e r a t i o n  used t h e  inboard s e c t i o n  from t h e  f i f t h  i t e r a t i o n  d e s i g n  
a t  a l l  spanwise s t a t i o n s  w i t h  a minor change t o  cusp t h e  t r a i l i n g  edge t o  g i v e  
more a f t  loading of t h e  a i r f o i l .  The r e s u l t i n g  f i n a l  d e s i g n  RSS2 a i r f o i l  is 
shown i n  Figure 20. This  a i r f o i l  s e c t i o n  h a s  a maximum th ickness /chord  r a t i o  
of 10.45 percent  compared t o  9 percent  f o r  t h e  i n i t i a l  s e c t i o n  (Wortman a i r -  
f o i l )  and fo r  t h e  s tandard  t a i l  (NASA 0009). The leading-edge r a d i u s  i s  
3.6 percent  chord compared t o  0 .6  percent  f o r  t h e  Wortman a i r f o i l  and 
0.89 percent  f o r  t h e  NACA 0009. 
The pressure  d i s t r i b u t i o n  c h a r a c t e r i s t i c s  of t h e  RSS2 a i r f o i l  a r e  shown 
i n  F igure  21 .  The d a t a  f o r  c r u i s e  (F igure  21) show a r e l a t i v e l y  smooth lower 
s u r f a c e  pressure  g r a d i e n t ,  a l though t h e  r o o f t o p  e x t e n t  is s h o r t ,  and a weak 
shock recompression. The low-speed p r e s s u r e  d a t a  (F igure  2 2 )  show a n  accept -  
a b l e  s u c t i o n  peakiness .  Also,  from a low-speed s t a n d p o i n t ,  t h e  generous 
leading-edge r a d i u s  and lower su r f  a c e  development of t h e  a i r f o i l  l e n d s  i t s e l f  
w e l l  t o  a leading-edge camber h i g h - l i f t  m o d i f i c a t i o n ,  i f  so d e s i r e d .  The 
lower s u r f a c e  c u r v a t u r e  can be  e a s i l y  maintained when so modif ied ,  t h u s  mini- 
mizing any adverse p r e s s u r e  g r a d i e n t  t r e n d s .  
*17 3.2 Modified Small Hor izonta l  T a i l  - 
The small  h o r i z o n t a l  t a i l  planform w a s  modif ied s l i g h t l y ,  based on t h e  
r e s u l t s  of  t h e  RSS2 a i r f o i l  a n a l y s i s ,  by reducing planform sweep from 
28 degrees  t o  2 5  degrees .  The wind-tunnel model d e s i g n a t i o n  f o r  t h e  modif ied 
s m a l l  t a i l  i s  H 1 7 .  C h a r a c t e r i s t i c s  of t h i s  t a i l  compare wi th  t h e  p r e v i o u s  
s m a l l  t a i l  and s tandard  t a i l  a s  shown i n  Table  2 .  
The H i 7  modif ied smal l  h o r i z o n t a l  t a i l  planform i s  shown i n  F i g u r e  2 3 .  
A p r e s s u r e  instrumented model of t h e  H i 7  s m a l l  t a i l  w a s  c o n s t r u c t e d  f o r  low- 
speed wind-tunnel tes ts .  Approximately 150 o r i f i c e s  were a r ranged  i n  chord- 
w i s e  s t r i p s  on b o t h  upper and lower s u r f a c e s  a t  f o u r  spanwise s t a t i o n s .  
Wind-tunnel measured p r e s s u r e  d a t a  were compared w i t h  t h e  foregoing  theo- 
r e t i c a l l y  computed r e s u l t s .  There w a s  g e n e r a l l y  good c o r r e l a t i o n  on t h e s e  
r e s u l t s  as  shown i n  F igure  24. T h i s  i s  p a r t i c u l a r l y  t r u e  f o r  t h e  s e c t i o n  
wi thout  e l e v a t o r  d e f l e c t i o n .  For t h e  c o n d i t i o n  of 30 d e g r e e s  up e l e v a t o r  
(Figure 2 5 ) ,  t h e  i n v i s c i d  p o t e n t i a l  theory  p r e d i c t s  a s u c t i o n  peak somewhat 
h igher  than  measured. Also,  t h e  low p r e s s u r e  recovery a t  t h e  t r a i l i n g  edge 
w a s  thought t o  be caused by t h e  low tes t  Reynolds number. 
The fo rce  d a t a  from t h e s e  tests f o r  t h e  Hi7 t a i l  (F igure  2 6 )  show a 
maximum l i f t  c o e f f i c i e n t  c a p a b i l i t y  of -1.25, compared t o  a v a l u e  of - 1 . 2  f o r  
t h e  Hi6 t a i l  (F igure  9 ) .  The modest improvement i n  maximum l i f t  c a p a b i l i t y  
of t h e  modified t a i l  l e a v e s  too  l a r g e  a d e f i c i e n c y  t o  b e  made up by any o t h e r  
means than  high-l iEt  d e v i c e s .  
The conclusion once a g a i n  w a s  t h a t  a d e s i g n  w i t h  h i g h - l i f t  d e v i c e s  would 
be  too  complex f o r  near-term product ion  c o n s i d e r a t i o n .  Therefore ,  i n  o r d e r  
t o  a c h i e v e  t h e  c o n t r o l  requirements  s p e c i f i e d  i n  S e c t i o n  1 .2 ,  t h e  s i z e  of t h e  
small h o r i z o n t a l  t a i l  w a s  i n c r e a s e d .  
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SECTION COORDINATES 
XIC 
0.0 
0.0015 
0.0062 
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0.0245 
0.0381 
0.0545 
0.0737 
0.0955 
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0.1464 
0.1 753 
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0.2388 
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0.3455 
0.3833 
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0.6167 
0.6545 
0.691 3 
0.7270 
0.7612 
0.7939 
0.8247 
0.8536 
0.8802 
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0.9938 
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YIC 
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YIC 
0.0 
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Figure  20. - RSS2 a i r f o i l  s e c t i o n .  
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TABLE 2 .  - Hi7 SMALL TAIL COMPARATIVE DATA 
Aspect ratio 
Taper ratio 
Camber 
Leading-edge radius 
Thickness ratio 
Charter chord sweep 
Area, ft2 
Total 
Exposed 
Exposed/Total 
Elevator chord ratio 
Stabilizer throw 
Elevator throw 
H8c 
Standard 
4 
0.33 
0 
0 .0089~  
0.09 
35O 
1282 
960 
0.25 
15' 
(+lo to -14') 
25' 
(OOtO -25') 
H16 
Small 
4 
0.33 
0 .013~ 
0.006~ 
0.09 
28' 
800 
552 
0.3 
20° 
(+2O to -18') 
40' 
(+loo to -30') 
H17 
Small 
4 
0.33 
0 . 0 1 6 ~  
0 . 0 3 6 ~  
0.1045 
25 
800 
552 
0.3 
20° 
(+2' to  -18') 
40' 
(+loo to -30') 
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F i g u r e  2 4 .  - Theory t o  experiment p r e s s u r e  d i s t r i b u t i o n  comparison. 
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OF POOR QUALlW 
0 FLO-22 LOWER SURFACE 
I FLO-22 UPPER SURFACE 
0 WIND TUNNEL LOWER SURFACE 
0 WINO TUNNEL UPPER SURFACE 
M - 0.2 a = 12 deg 
R" 800,0001 ft 
Y 
b12 
- = 0.85 
9 B  e o  
O@&OO - I %ea 
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I I I I 
I I I  a XIC 
Figure  25. - Theory t o  experiment p r e s s u r e  d i s t r i b u t i o n  
comparison - 3c0 up e l e v a t o r .  
C a l c u l a t i o n s  were based on the  same c . g .  range  used i n  t h e  p rev ious  
a n a l y s i s :  0.12 t o  0.35 F f o r  weights less than  338,000 pounds. 
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SMALL HORIZONTAL TAIL LIFT COEFFICIENT 
26" FLAPS 
SYM WING 6~ 6, 6~ 
Figure  26. - H17 s m a l l  h o r i z o n t a l  t a i l  h i g h - l i f t  c h a r a c t e r i s t i c s .  
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4. COMMON-SIZE/NEAR-TERM SMALL TAIL 
From t h e  o u t s e t  of t h e  small t a i l  development program, it  was assumed 
, t h a t  t h i s  s o r t  of improvement would be incorporated i n t o  next  g e n e r a t i o n  
d e r i v a t i v e  a i r c r a f t ,  which w e r e  expected t o  b e  of t h e  long-body L-1011-1 type .  
I n i t i a l  t a i l  s i z i n g  was based on t h i s  assumption and a l s o  t h a t  i t  would be  
p o s s i b l e  t o  employ leading-edge h igh  l i f t  d e v i c e s  on t h e  s m a l l  t a i l .  This  
premise implied product ion  a p p l i c a t i o n  a t  a n  undetermined t i m e  s u f f i c i e n t l y  
f a r  downstream t o  a l low development through f l i g h t  t e s t i n g  of t h e  s m a l l e s t  
on l i m i t  c o n d i t i o n  t a i l .  However, a s  t he  s tudy  progressed ,  t h e  worsening 
economic environment made i t  more important f o r  a i r l i n e s  t o  o p e r a t e  a t  a 
p r o f i t ,  t h u s  i n c r e a s i n g  t h e  urgency f o r  incorpora t ing  major performance 
improvements i n t o  new d e r i v a t i v e  a i r c r a f t .  Consequently,  t h e  o b j e c t i v e  was 
e s t a b l i s h e d  t o  i n c o r p o r a t e  a small  h o r i z o n t a l  t a i l  i n  near-term L-1011 de.riv- 
a t i ve  a i r c r a f t ;  and i n  o r d e r  t o  accommodate a l l  L-1011 d e r i v a t i v e s ,  i t  
became necessary  t o  d e s i g n  a common-size s m a l l  h o r i z o n t a l  t a i l  f o r  bo th  s h o r t -  
body and long-body d e r i v a t i v e s .  
4 . 1  F i n a l  S iz ing  Analys is  
I n  r e s i z i n g  t h e  s m a l l  h o r i z o n t a l  t a i l ,  a number of new requirements  
w e r e  recognized:  
0 P c s s i b l e  f u t u r e  u s e  of t h e  s m a l l  h o r i z o n t a l  t a i l  on L-1011-500 
short-body d e r i v a t i v e s .  
Decreased s t a b i l i z e r / e l e v a t o r  throw l i m i t s  f o r  t h e  i n c r e a s e d  area 
t a i l  w i t h  f i x e d  f u s e l a g e  c u t o u t  a v a i l a b l e ;  6 ~ / 6 ,  = +2 deg/+5 deg 
t o  -15 deg/-30 deg. 
0 An 0.12-E forward c .g .  l i m i t  w a s  used i n  conjunct ion  w i t h  t h e  
t a k e o f f  and l a n d i n g  f l a p s  d e f l e c t i o n  l i m i t s  d e f i n e d  f o r  t h e  dash 
500 a i r p l a n e s :  27 degrees  and 33 degrees ,  r e s p e c t i v e l y .  A 
landing  f l a p s  d e f l e c t i o n  of 42 degrees  w a s  used i n  t h e  i n i t i a l  
t a i l  s i z i n g  a n a l y s i s  (Sec t ion  1 . 2 ) .  
The s m a l l  h o r i z o n t a l  t a i l  r e s i z i n g  a n a l y s i s  w a s  based on a maximum l i f t  
c o e f f i c i e n t  c a p a b i l i t y  of -1.4 T h i s  value w a s  s e l e c t e d  based on t h e  premise 
t h a t  t h e  Hi7 t a i l  low-speed C L ~ ~  of -1.25 a t  wind-tunnel scale Reynolds 
number would grow t o  -1.4 a t  f u l l  scale f l i g h t  c o n d i t i o n s .  
C a l c u l a t i o n s  were based on t h e  same c .g .  range used i n  t h e  p r e v i o u s  
a n a l y s i s :  0.12 t o  0.35 f o r  weights  l e s s  than  338,000 pounds. 
R e s u l t s  of t h e  r e s i z i n g  a n a l y s i s  are i l l u s t r a t e d  i n  F i g u r e s  27 and 28. 
These f i g u r e s  show t h a t  a t a i l  s i z e  of 898 square  f e e t  i s  r e q u i r e d  t o  a c h i e v e  
nosewheel l i f t o f f  (F igure  27) and c o o t r o l - t o - s t a l l  (F igure  28) a t  t h e  forward 
c.g.  l i m i t .  F igure  28 a l s o  shows t h a t  t h i s  t a i l  area s a t i s f i e s  t h e  s t a l l  
recovery and s t a b i l i t y  requirements  a t  a f t  c.g. 
s t i l l  r e p r e s e n t s  an area r e d u c t i o n  of 30 p e r c e n t  from t h e  s t a n d a r d  t a i l .  
T h i s  f i n a l  small t a i l  s i z e  
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H1 8
4 . 2  Common-Size Small T a i l  Design - 
A l a y o u t  of t h e  small h o r i z o n t a l  t a i l  s u i t a b l e  f o r  a l l  L-1011 d e r i v a t i v e s  
i s  shown i n  Figure 29. The wind-tunnel model d e s i g n a t i o n  f o r  t h i s  t a i l  i s  H 1 8 .  
I n  des igning  t h i s  t a i l  t h e  a s p e c t  r a t i o  w a s  increased  from 4 . 0  t o  4.5 t o  f u r t h e r  
enhance t h e  l i f t  s l o p e  c h a r a c t e r i s t i c s  of t h e  s u r f a c e .  The d e s i g n  a l s o  f e a t u r e s  
a hyperbol ic  t i p  which i s  in tended  t o  b e n e f i t  high-speed d r a g  c h a r a c t e r i s t i c s .  
The d e s i g n  r e t a i n s  t h e  q u a r t e r  chord sweep a n g l e  and RSS2 a i r f o i l  s e c t i o n  of 
t h e  prev ious  t a i l  (H17). C h a r a c t e r i s t i c s  of t h e  H i 8  t a i l  compare w i t h  t h e  
prev ious  designs a s  shown i n  Table  3 .  
4 . 3  Estimated Cruise  Drag Reduction 
E x i s t i n g  handbook methods do n o t  a c c u r a t e l y  p r e d i c t  t h e  drag  c h a r a c t e r -  
i s t ics  of advanced technology a i r f o i l s .  I n  f a c t ,  p r e l i m i n a r y  estimates f o r  t h e  
o r i g i n a l  small  t a i l  (H16) w e r e  found t o  be 27 p e r c e n t  t oo  low, w h i l e  e s t i m a t e s  
f o r  t h e  s tandard t a i l  (Hgc) were a c c u r a t e .  Recognizing t h e s e  d e f i c i e n c i e s ,  a 
s tandard  handbook estimates of t h e  H i 8  d rag  w a s  n o t  made.  
w a s  no a i r f o i l  change from t h e  H i 7  t a i l ,  t h e  p o t e n t i a l  c r u i s e  drag  r e d u c t i o n  
f o r  t h e  H i 8  t a i l  was es t imated  by apply ing  a n  exposed a r e a  c o r r e c t i o n  t o  pre-  
v i o u s  wind-tunnel t es t  r e s u l t s .  
e s s e n t i a l l y  the same c r u i s e  drag  c h a r a c t e r i s t i c s  a s  t h e  Hi6 t a i l ,  b u t  a 
q u a n t i t a t i v e  eva lua t ion  of t h e  Hi7 t a i l  c r u i s e  drag  w a s  not  performed due t o  
i t s  low speed l i f t  d e f i c i e n c i e s .  
es t imated  based on da ta  f o r  t h e  Hi6 tai .1 i n  F igure  5.  By apply ing  a n  exposed 
a r e a  c o r r e c t i o n  f a c t o r  t o  d a t a  i n  F igure  5 ,  i t  w a s  es t imated  t h a t  t h e  H I 8  small  
h o r i z o n t a l  t a i l  would reduce t h e  drag  of t h e  L-1011 about  6 c o u n t s  a t  wind- 
tunnel  condi t ions  f o r  an o v e r a l l  c r u i s e  LID b e n e f i t  of about 2 p e r c e n t ,  
inc luding  t h e  weight r e d u c t i o n  of t h e  s m a l l e r  t a i l .  
I n s t e a d ,  s i n c e  t h e r e  
R e c a l l  t h e  H i 7  t a i l  was designed t o  have 
Therefore ,  t h e  H i 8  d rag  b e n e f i t  w a s  
4.4 Wind-Tunnel Test R e s u l t s  
4 . 4 . 1  Low speed.-  A model of t h e  H i 8  smal l  h o r i z o n t a l  t a i l  was c o n s t r u c t e d  
f o r  a n  e x i s t i n g  1 / 2 0 t h  s c a l e  model of an L-1011 f o r  t e s t i n g  i n  t h e  NASAIAmes - 
Research Laboratory 12  f o o t  P r e s s u r e  Tunnel. The purpose of t h e  tes t  
w a s  t o  determine t h e  e f f e c t s  of t h e  H i 8  t a i l  on t h e  low-speed l o n g i t u d i n a l  
s t a b i l i t y  and c o n t r o l  c h a r a c t e r i s t i c s  of a n  L-1011-1, w i t h  emphasis on d e f i n i n g  
small h o r i z o n t a l  t a i l  c o n t r o l  c a p a b i l i t y .  The primary o b j e c t i v e  w a s  t o  o b t a i n  
low-speed, high Reynolds number d a t a  f o r  t h e  c o n f i g u r a t i o n  w i t h  f l a p  d e f l e c -  
t i o n  a n g l e  a t  t h e  maximum takeoff  s e t t i n g ,  which d e f i n e s  t h e  t a i l  s i z e  
requirement  f o r  t akeoff  r o t a t i o n .  
T e s t i n g  was conducted d u r i n g  t h e  per iod  from 1 5  through 22 January 1980. 
Complete c o n f i g u r a t i o n  six-component f o r c e s  and moments were measured w i t h  
h o r i z o n t a l  t a i l  o n  and o f f .  
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TABLE 3. - H I 8  SMALL TAIL COMPARATIVE DATA 
~ 
Aspect ratio 
Taper ratio 
Camber 
Leading-edge radius 
Thickness ratio 
Quarter chord sweep 
Area, f t2 
Total 
Exposed 
Exposed/Total 
Elevator chord ratio 
Stabilizer throw 
Elevator throw 
8c 
Standard 
4 
0.33 
0 
0.0089~ 
0.09 
35O 
1282 
960 
0.15 
0.2% 
15' 
(+1 O to -1 4') 
25' 
(0' to -25') 
H16 
Small 
~~ 
4 
0.33 
0.013~ 
0.006~ 
0.09 
28' 
800 
552 
0.69 
0 .3~  
20° 
(+20 to -18') 
(+loo to -30') 
40' 
"17 
Small 
4 
0.33 
0.016~ 
0.036~ 
0.1045 
25' 
800 
552 
0.69 
0 .3~  
20° 
(+2O to -1 8') 
(+loo to -30') 
40' 
H18 
Small 
4.5 
0.33 
0.016~ 
0.036~ 
0.1045 
25' 
898 
652 
0.73 
0 . 3 ~  
17' 
(+2O t o .  50) 
35O 
(+5Oto -30') 
The l i f t  and p i t c h i n g  moment d a t a  obta ined  dur ing  t h e  tes t  e x h i b i t e d  a 
"bubble" c h a r a c t e r i s t i c  which had n o t  been observed i n  any p r e v i o u s  L-1011 
wind-tunnel e n t r y .  The problem w a s  encountered only  a t  h igh  Reynolds number 
5.6 x 1 0 6 / f t .  and only wi th  t h e  wing f l a p s  and s l a t s  deployed. 
During a b r i e f  i n v e s t i g a t i o n  of t h e  problem, wind-tunnel balance,  i n s t r u -  
menta t ion ,  and d a t a  r e d u c t i o n  were e l i m i n a t e d  a s  p o s s i b l e  causes .  This  l e d  
t o  t h e  conclusion t h a t  t h e  phenomenon w a s  r e l a t e d  t o  t h e  wing h i g h - l i f t  system, 
s i n c e  t h e  problem d i d  no t  occur  wi th  t h e  c l e a n  wing. I n s u f f i c i e n t  t e s t  t i m e  
t o  e x p l o r e  t h i s  problem l e d  t o  t h e  d e c i s i o n  t o  remove t h e  wing t o  de te rmine  
t h e  s m a l l  h o r i z o n t a l  t a i l  c o n t r o l  e f f e c t i v e n e s s .  The problem d i d  n o t  occur  
w i t h  t h e  wing o f f .  
The incremental  d i f f e r e n c e  between h o r i z o n t a l  t a i l  on and o f f  p i t c h i n g  
moment d a t a  were used as  a b a s i s  f o r  e x t r a c t i n g  t h e  l i f t  c h a r a c t e r i s t i c s  o f  t h e  
t h e  H i 8  t a i l .  T h i s  w a s  done b o t h  w i t h  wing-on and wing-off d a t a .  A geometr ic  
t a i l  arm from t h e  wing- to- ta i l  0.25F w a s  used i n  t h e  d a t a  r e d u c t i o n .  
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The wind-tunnel e x t r a c t e d  l i f t  c h a r a c t e r i s t i c s  of t h e  H i 8  t a i l  are shown 
i n  F i g u r e  30. This  f i g u r e  shows e x c e l l e n t  c o r r e l a t i o n  o f  t h e  wing-on and 
wing-off d a t a  f o r  t h e  h o r i z o n t a l  t a i l ,  adding c r e d i b i l i t y  t o  t h e  wing-on d a t a .  
Most impor tan t ly ,  t h e s e  d a t a  show t h a t  t h e  H i 8  t a i l  achieved a maximum l i f t  
c o e f f i c i e n t  of - 1 . 4 ,  which w a s  t h e  d e s i g n  t a r g e t  v a l u e  used i n  t h e  H i 8  t a i l  
s i z  i n g  exercise . 
It w a s  t h u s  e s t a b l i s h e d  bhat t h e  low-speed des ign  o b j e c t i v e s  of t h e  H I 8  
t a i l  had been achieved.  However, some doubt w a s  c a s t  on t h i s  f a v o r a b l e  r e s u l t  
when i t  w a s  l a t e r  d iscovered  t h a t  t h e  bubble  phenomenon w a s  caused by a problem 
w i t h  e i t h e r  t h e  N 1  ba lance  gage o r  t h e  ba lance  c o n d i t i o n i n g  i n s t r u m e n t a t i o n ,  
which caused t h e  o u t p u t  t o  c o n s i s t e n t l y  jump from 4 5 0 0  t o  6300 counts .  A s  
a r e s u l t ,  NASA/Ames wind-tunnel personnel advised  t h a t  t h e  d a t a  were h i g h l y  
q u e s t i o n a b l e .  A l l  of t h i s  considered,  i t  i s  be l ieved  t h a t  t h e  d a t a  which 
were e x t r a c t e d  f o r  t h e  t a i l  a l o n e  may s t i l l  b e  r ea l i s t i c  i n  view of t h e  f a c t  
t h a t  t h e  problem d i d  n o t  occur  w i t h  t h e  wing o f f ,  y e t  t h e  t a i l  l i f t  charac-  
ter is t ics  were e s s e n t i a l l y  t h e  same. 
4.4 .2  High speed.- A model of t h e  H I 8  small  h o r i z o n t a l  t a i l  w a s  con- 
s t r u c t e d  f o r  t h e  e x i s t i n g  1 / 3 0 t h  s c a l e  high-speed model. 
designed f o r :  1 )  complete a i r p l a n e  model f o r c e  tests t o  de te rmine  t h e  
l o n g i t u d i n a l  s t a b i l i t y  and c o n t r o l  c h a r a c t e r i s t i c s  of t h e  L-1011 w i t h  small  
t a i l ,  and 2)  f o r  h o r i z o n t a l  t a i l  pressure  measurements t o  d e f i n e  t h e  a i r l o a d s  
r e q u i r e d  f o r  s t r u c t u r a l  a n a l y s i s  and c o n t r o l  system des ign .  The right-hand 
Fanel of t h e  h o r i z o n t a l  t a i l  was instrumented w i t h  102 p r e s s u r e  t a p s  (51 t o p  
and bottom) d i s t r i b u t e d  a long  t h e  chord a t  fou r  spanwise l o c a t i o n s  a s  shown 
i n  F igure  31. The le f t -hand  panel  of t h e  small t a i l  w a s  equipped wi th  a 
s t r a i n  gaged beam t o  measure e l e v a t o r  h inge  moments. 
T h i s  model w a s  
The o b j e c t i v e  of t h e  high-speed tes t  were t o :  
0 Determine t h e  incremental  drag of t h e  H i 8  small h o r i z o n t a l  t a i l .  
0 Obtain p r e s s u r e  da t a  on t h e  exposed p o r t i o n  of t h e  s m a l l  h o r i z o n t a l  
t a i l  s u r f a c e  t o  determine a i r l o a d s  d i s t r i b u t i o n s ,  and o b t a i n  t o t a l  
p i v o t  moment c h a r a c t e r i s t i c s  of  t h e  s t a b i l i z e r .  
0 Record s t r a i n  gage measurements of t o t a l  e l e v a t o r  h inge  moments. 
0 Measure six-component f o r c e s  and moments wi th  t h e  s m a l l  t a i l  on and 
o f f  t o  determine complete c o n f i g u r a t i o n  l i f t ,  d r a g ,  and p i t c h i n g  
moment c h a r a c t e r i s t i c s  a s  well as  t h e  t o t a l  c o n t r o l  c a p a b i l i t y  of  t h e  
s m a l l  h o r i z o n t a l  t a i l .  
0 Obtain six-component f o r c e  and moment measurements w i t h  s t a n d a r d - s i z e  
t a i l  on f o r  comparison w i t h  t h e  small t a i l  r e s u l t s .  
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Figure  30 .  - H18 s m a l l  h o r i z o n t a l  t a i l  h igh - l i f  t c h a r a c t e r i s t i c s .  
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The f i r s t  high-speed wind-tunnel t es t  w a s  conducted i n  t h e  NASAILanglev 
1 
8 f t  Transonic P r e s s u r e  Tunnel du r ing  t h e  p e r i o d  24 through 31 J u l y  1979. 
F igu re  32 shows the L-1011 1 / 3 0 t h  scale f o r c e  model w i t h  p r e s s u r e  ins t rumented  I 
h o r i z o n t a l  t a i l  i n  t h e  Langley 8 f t  Transonic P r e s s u r e  Tunnel. The test  con- I 
c e n t r a t e d  on t h e  Mach number range  0.5 t o  0.95 and a t  a n g l e s  of a t t a c k  extend- \ 
S p e c i f i c  Mach number c o n d i t i o n s  1 
w e r e  as follows: 
I 
I 
, i n g  t o  t h e  l i m i t  determined by model dynamics. 
M = 0.5, 0.8,  0 . 8 3 ,  0.86, 0 .9 ,  0.95 
t h e  corresponding Reynolds number w a s  3 x 10 6 p e r  f o o t .  
a t t a c k  range  var ied  wi th  Mach number g e n e r a l l y  as fo l lows :  
The tes t  a n g l e  of 
M - T e s t  ct 
0.5 0 ,  2 ,  3 ,  4 ,  5 ,  6 ,  8 ,  1 0  
0 . 8  0 ,  2 ,  3 ,  4 ,  5,969 7 
0 .83  0 ,  2 ,  3 ,  4 ,  5996, 7 
0.9  0 ,  2 ,  3 ,  4 ,  5 9 9 6  
0.86 0 ,  2 ,  3 ,  4 ,  5 , , 6 ,  7 
0.95 0 ,  2 ,  3 ,  4 ,  5 , , 6  
A r eco rd  o f  c o n f i g u r a t i o n s  and c o n d i t i o n s  t e s t e d  i s  p resen ted  i n  Table  4 .  
This  r eco rd  shows a t o t a l  of 84 a c t u a l  d a t a  r u n s  subdivided as  fo l lows :  
T a i l  Conf igu ra t ion  
S m a l l  
Off 
Standard 
Runs 
62 
6 
16 
T o t a l  84 
-
The Langley high-speed wind t u n n e l  tes t  d a t a  r evea led  some unexpected 
r e s u l t s  p e r t a i n i n g  t o  t h e  l o n g i t u d i n a l  s t a t i c  s t a b i l i t y  d e r i v a t i v e ,  t h e  con- 
t r o l  e f f e c t i v e n e s s  d e r i v a t i v e ,  and t h e  d rag  p o l a r .  
The l o n g i t u d i n a l  s t a t i c  s t a b i l i t y  d a t a  f o r  t h e  L-1011 wi th  s t anda rd - s i ze  
t a i l  showed some s h a r p  v a r i a t i o n s  from Mach 0.86 t o  0.95 t h a t  had n o t  been 
seen  i n  previous wind-tunnel o r  f l i g h t  tests. These d a t a  are p resen ted  i n  
F igu re  33A. The sha rp  i n c r e a s e  of t h e  s t a b i l i t y  d e r i v a t i v e  from M = 0.86 t o  
M = 0.90 show the n e u t r a l  p o i n t  moving s w i f t l y  forward and t h e  sha rp  dec rease  
from M = 0.90 to M = 0.95 show t h e  n e u t r a l  p o i n t  moving s w i f t l y  a f t .  A s i m i -  
lar v a r i a t i o n  in  s t a b i l i t y  occurred  f o r  t h e  s m a l l  h o r i z o n t a l  t a i l  model as 
shown i n  Figure 33B. 
The c o n t r o l  e f f e c t i v e n e s s  d e r i v a t i v e  e x t r a c t e d  from t h e  wind-tunnel test  
f o r  t h e  s tandard-s ize  t a i l  showed t h e  t a i l  e f f e c t i v e n e s s  t o  be less than  pre- 
v ious  wind-tunnel and f l i g h t  test  d a t a  as shown i n  F igu re  34A. However, t h e  
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TABLE 4 .  - NASA/LANGLEY %FOOT TRANSONIC PRESSURE TUNNEL TEST RUN RECORD 
Configuration 
S25VgH;28 eo 
-2 e 
H!: e+5 
0 e 
H3.5 ,-5 
18 
-1 0 
0 
'78 e 
e 
H!8 
+ Fillet 
-1 0 e 
e+5 
e 
8'2 
-5 
Off off 
H:; e0 
4 C  
Tail 
-2 
+2 
-3.5 
-6 
0 
Off 
+1 
0 
-1 
Angles 
~~ 
4 
0 
-2 
+5 
0 
-5 
-10 
0 
0 
-10 
+5 
-5 
+2 
Off  
0 
- 
.5 
6 
12 
11 
21 
22 
31 
35 
40 
49 
- 
53 
59 
68 
72 
18 
84 
- 
.8 
5 
11 
16 
26 
21 
30 
34 
39 
48 
4s 
52 
58 
62 
61 
11 
11 
83 
M Series 
.83 
4 
10 
15 
25 
20 
29 
33 
38 
41 
42 
51 
51 
61 
66 
10 
76 
82 
- 
.86 
3 
9 
14 
24 
19 
28 
32 
31  
46 
41 
50 
56 
60 
65 
69 
15 
81 
- 
.90 
2 
8 
13 
23 
18 
- 
36 
45 
64 
14 
80 
- 
.95 
1 
1 
- 
44 
63 
13 
19 
Remarks 
Inverted 
Upright 
Model Fouling 
Tail Fillet On 
Tail Of f  
Std. Tail 
S25 - L-1011-1 model with standard wing (w/o ext. tips) and with tails off 
Vg - Vertical tail 
Bc#t$8- Horizontal tail - e - Horizontal tail elevator. 
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Figure  33. - Comparison of L-1011 and NASA/Langley 8 f o o t  
T.P.T. o n g i t u d i n a l  s ta t ic  s t r a b i l i c y  d e r i v a t i v e s  
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small t a i l  e f f e c t i v e n e s s  shown i n  Figure 34B w a s  g r e a t e r  t han  and had a much 
sha rpe r  peak i n  t h e  c r u i s e  Mach number range than  t h e  e s t ima ted  e f f e c t i v e n e s s  
f o r  t h e  L-1011. Note t h a t  a t  a Mach number of 0.86 t h e  test r e s u l t s  show t h e  
s m a l l  t a i l  t o  be  as e f f e c t i v e  as t h e  s tandard  t a i l .  
The s m a l l  incrementa l  d i f f e r e n c e  between t h e  s m a l l  and s t anda rd - s i ze  
t a i l s  test r e s u l t s  is  shown i n  F igure  35. This  d i f f e r e n c e  w a s  smaller than 
expected.  
A review of t h e  d i f f e r e n c e s  i n  the Langley wind-tunnel d a t a  and p rev ious  
t es t  d a t a  l e d  t o  t h e  conclus ion  t h a t  wal l  i n t e r f e r e n c e  o r  blockage e f f e c t s  
occur red  i n  t h e  Langley tunne l  because of t h e  r e l a t i v e  s i z e  of t h e  model t o  
t h e  t u n n e l  t es t  s e c t i o n .  The 1 / 3 0 t h  s c a l e  t e s t  model had a 62 inch  wing span,  
and t h e  tunne l  width w a s  85 inches.  The previous  L-1011 wind t u n n e l  tests 
had been performed i n  t h e  Calspan Corporat ion t r a n s o n i c  f a c i l i t y  which had a 
s l i g h t l y  l a r g e r  width (96 inches ) .  Consequently, a b r i e f  test was scheduled 
i n  t h e  Calspan tunne l  t o  r e s o l v e  t h e  model wing span v e r s u s  t u n n e l  width 
q u e s t i o n  and o b t a i n  test  d a t a  f o r  some a d d i t i o n a l  f l i g h t  cond i t ions .  
The a d d i t i o n a l  wind-tunnel t e s t i n g  i n  t h e  Calspan 8 foo t  Transonic  F a c i l i t y  - 
w a s  performed from 26 through 28 September, 
and c o n d i t i o n s  t e s t e d  i s  p resen ted  i n  Table 
108 a c t u a l  d a t a  runs  subdiv ided  as fol lows:  
, T a i l  Configurat ion 
S m a l l  
Off 
Standard 
1979. A r eco rd  of c o n f i g u r a t i o n s  
5.  Th i s  record  shows a t o t a l  of 
Runs 
8 7  
12 
9 
To ta l  108 
This  t es t  d i f f e r e d  from t h e  previous test i n  t h a t  f o r c e  and moment d a t a  and 
h o r i z o n t a l  t a i l  p r e s s u r e s  were obtained with t h e  wing o f f ,  and with boundary 
l a y e r  t r a n s i t i o n  g r i t  on and o f f  bhe h o r i z o n t a l  t a i l  t o  de te rmine  t h e  e f f e c t  of 
g r i t  on shock wave l o c a t i o n .  The model w a s  a l s o  t e s t e d  w i t h  boundary l a y e r  
t r a n s i t i o n  g r i t  on and o f f  t h e  wing, both w i t h  h o r i z o n t a l  t a i l  on and o f f .  I 
I 
I '  Because of t h e  l a r g e r  dimensions of t h e  Carlspan wind t u n n e l  r e l a t i v e  t o  t h e  Langley wind tunne l ,  i t  w a s  poss ib l e  t o  add t h e  L-1011 wing t i p  ex tens ion  1 
t o  t h e  model; t h e  wing span w a s  65.6 inches  i n s t e a d  of 62 inches .  8 4  
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A comparison of the NASA Langley and Calspan high-speed wind-tunnel tests 
results shows: 
0 Longitudinal static stability data from the Langley and Calspan tests 
(Figure 36) are in generally good agreement for Mach numbers less 
than 0.86. Between Mach 0.86 and 0.90 the Langley stability deriva- 
tives increase and decrease as was shown in Figure 33, whereas the 
Calspan derivatives fall below the predicted values. 
gations are required to explain the descrepancy between predictions 
and test results in the Mach number range from 0.86 to 0.90. 
Further investi- 
0 A comparison of the Langley and Calspan longitudinal control effec- 
tiveness for the H18 horizontal tail stabilizer and elevator are shown 
in Figures 37 and 38 respectively. The test results from the two 
tunnels was in excellent agreement. However, control effectiveness of 
the stabilizer was considerably more effective than predicted in the 
cruise Mach number range. This is due to higher than predicted lift 
slope characteristics of the surface. The elevator effectiveness was 
slightly less than predicted. 
\ 
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Figure 36.  - Longitudinal static stability derivatives with 
the H18 small tail. 
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Figure 37. - Longitudinal control effectiveness of the H18 stabilizer. 
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Figure 38. - Longitudinal control effectiveness of H18 elevator. 
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0 A comparison of F igu res  35 and 39 shows t h e  d i f f e r e n c e  i n  t h e  Langley 
and Calspan tests d rag  d a t a .  
low l i f t  c o e f f i c i e n t s ,  b u t  t h e  Calspan d a t a  show less  d rag  a t  h igh  
l i f t  c o e f f i c i e n t s  due t o  t h e  e f f e c t  of extended wing- t ips  (lower 
induced drag) .  
confirmed t h e  Langley test  r e s u l t s ,  w a s  t h a t  t h e r e  i s  ve ry  l i t t l e  
d rag  b e n e f i t  due t o  t h e  smaller t a i l .  
The Langley d a t a  shows a good match a t  
The s i g n i f i c a n t  f i n d i n g  from t h e  Calspan tes t ,  which 
P r e s s u r e  d i s t r i b u t i o n s . -  The p r e s s u r e  d i s t r i b u t i o n  d a t a  w e r e  used t o  i n t e -  
g r a t e  s t a b i l i z e r  p i v o t  moments. 
r e t i c a l l y  computed p r e s s u r e s  t o  show t h e  accuracy  of c u r r e n t  a n a l y t i c a l  
t echniques .  P res su re  d a t a  from t h e  Calspan tes t  were used f o r  t h i s  
comparison, s i n c e  wing-off, h o r i z o n t a l  t a i l  p r e s s u r e  d a t a  were no t  
ob ta ined  from t h e  Langley test;  i t  w a s  no t  p o s s i b l e  t o  compare wing-on 
h o r i z o n t a l  t a i l  p r e s s u r e s  wi th  theo ry  because of t h e  unknown spanwise 
d i s t r i b u t i o n  of downwash from t h e  wing onto  t h e  t a i l .  For a c r u i s e  
Mach number of 0.83, F igure  40 shows a comparison of wind-tunnel m e a -  
sured  p r e s s u r e  d a t a  on t h e  t a i l  compared w i t h  v i s c o u s  Jarneson-Caughey 
FLO 22.5 theory.  
-3 .36  degrees  wi th  e l e v a t o r  unde f l ec t ed  show p r e t t y  good agreement, 
b o a t t a i l  which i s  d i f f i c u l t  t o  model. 
a n g l e  of a t t a c k  w i t h  e l e v a t o r  d e f l e c t e d  -10 degrees  show s i m i l a r l y  good 
agreement except i n  t h e  r e g i o n  of t h e  e l e v a t o r  where i t  is  d i f f i c u l t  t o  
model t h e  tu rbu len t  boundary l a y e r  s e p a r a t i o n  c h a r a c t e r i s t i c s .  
S t a b i l i z e r  p ivo t  moments.- S t a b i l i z e r  p i v o t  moment d a t a  were i n t e g r a t e d  
from p r e s s u r e  d a t a  and reduced t o  f i t  t h e  fo l lowing  l i n e a r i z e d  equa t ion  
These d a t a  were a l s o  compared w i t h  theo- 
I .  
I 2. 
I 
Data i n  F igu re  4 0 ’ f o r  a t a i l  a n g l e  of a t t a c k  of I 
I 1 
p a r t i c u l a r l y  a t  t h e  outboard s t a t i o n s  away from t h e  i n f l u e n c e  of t h e  a_. 
Figure  4 1  f o r  -2 deg rees  t a i l  
Reduced d a t a  from t h e  two high-speed tests are shown i n  F igure  42. There 
i s  e x c e l l e n t  agreement between d a t a  f o r  t h e  two tests except  a t  z e r o  l i f t ,  
where the d i f f e r e n c e s  are s i g n i f i c a n t .  These d i f f e r e n c e s  are ‘hH0 ’ 
a t t r i b u t e d  t o  t h e  use  of wing-on d a t a  from t h e  Langley test  and wing-off 
d a t a  from t h e  Calspan test .  
E leva to r  hinge moments.- E leva to r  h inge  moments were determined d i r e c t l y  
from s t r a i n  gage measurements. These d a t a  were a l s o  reduced t o  f i t  t h e  
l i n e a r i z e d  equat ion .  
Reduced d a t a  from the two high-speed tes ts  are . shown i n  F igu re  4 3 .  Here 
, a g a i n  t h e  d a t a  show good agreement excep t  f o r  some d i f f e r e n c e s  between 
1 t h e  t a i l  h inge  moment d e r i v a t i v e s  due t o  a n g l e  of a t t a c k ,  Ch /aH. 
e 
TEST N - 340 
Mi - 0.83 
.6 
.5 
C l  
.4 
.3 
I 1 1 1 1 
DRAG COEFFICIENT 
Figure 39. - Zero trim drag polar characteristics of the L-1011 with HI8 
small and Hac horizontal tails - Calspan test results. 
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WINDTUNNEL TEST N-340 
898 f t2  CH- ,1525 ft 
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.2 .4 .6 .8 1 .o 
ch 16, 
(d;- 1,--004 
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.004 
- LANGLEY 8 ft TPT 6, - o+-loo 
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I I o+ .lo' - 
- 
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-.002 
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CYH - O+-6' \ &------- 
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\ 
CALSPAN 8 ft TUNNEL 
CYH - 0+-3.5' 
Figure 42. - Linearized stabilizer pivot moment coefficients for 
the H18 small horizontal tail. 
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Figure  4 3 .  - Linea r i zed  e l e v a t o r  h inge  moment c o e f f i c i e n t s  f o r  
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tail. Full span tail surfaces were then attached to their normal mounting 
trunions on the precision incidence setting device. A tail fairing was added 
Drag creep.- Upon closer examination of the Calspan data, a tail drag 
creep problem was discovered going from M = 0.80 to 0.83. 
illustrated by wind-tunnel extracted zero-lift tail drag characteristics 
shown in Figure 44. 
shock formation on the tail surface compared to that which was predicted 
by the inviscid Jameson-Caughey transonic code FLO-22 method used to 
design the airfoil. 
This is 
This premature drag rise was attributed to premature 
Another brief high-speed wind-tunnel test was conducted for final con- 
firmation of the drag characteristics of the HI8 tail. 
in the Lockheed (4 ft Trisonic Wind Tunnel. This test focused on the compara- 
I tive drag characteristics of the various tail configurations which had been previously tested. 
800 ft* models (Hi6 and H17) were also tested and compared with the standard , 
1282 ft2 tail (H&). 
out wing) on a simple test body, so that drag differences between tails I 
represented a significant fraction of total model drag and therefore of 
balance scale. 
This test was performed 
In addition to the 898 ft2 tail model (H18), the previous 
For'this test the tails were mounted alone (i.e., with- 
i 
Specific objectives of this test were to: 
I 
0 Obtain timely verification of recent test results. 
0 Get comparative horizontal tail drag for all configurations from a 
single wind-tunnel entry. 
0 Measure horizontal tail drag on a test configuration where tail incre- 
ments were significant in terms of balance scale and sensitivity. 
0 Obtain data at higher Reynolds numbers than in previous tests. 
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Figure  44.  - Wind-tunnel e x t r a c t e d  z e r o  l i f t  d rag  c h a r a c t e r i s t i c s  of t h e  
s m a l l  and Hac s tandard  t a i l s .  H1 8 
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R e s u l t s  of t h i s  test confirmed the  r e s u l t s  from a l l  p rev ious  tests. 
These d a t a  are shown i n  F igu re  46.  The ze ro - t a i l - l oad  drag  c h a r a c t e r i s t i c s  of 
t h e  H i 8  s m a l l  t a i l  show no drag  improvement compared t o  t h e  s t anda rd  t a i l  
( H B ~ )  i n  t h e  c r u i s e  Mach number range (0.80 t o  0 .83) ,  d e s p i t e  being 30 pe rcen t  
smaller i n  t o t a l  area. 
Langley and Calspan tests, a l though the drag  levels are g e n e r a l l y  lower due 
t o  t h e  h i g h e r  Reynolds numbers of  t h e  test. Data f o r  t h e  H i 7  and H i 8  t a i l s  
show t h a t  i n  terms of area d i f f e r e n c e s  t h e r e  i s  a d i s p r o p o r t i o n a t e  i n c r e a s e  
i n  d rag  going from t h e  800 t o  898 square-foot t a i l ;  t h e s e  t a i l s  both  have t h e  
same a i r f o i l  s e c t i o n  and, a s i d e  from the i n c r e a s e  i n  area, t h e  on ly  d i f f e r e n c e s  
i n  geometry were an i n c r e a s e  i n  aspect r a t i o  from 4 t o  4.5 and a hype rbo l i c  
t i p  i n s t e a d  of t r a p e z o i d a l .  
These r e s u l t s  gene ra l ly  ag ree  wi th  d a t a  from t h e  
4.5 Reconc i l i a t ion  and New D i r e c t i o n s  
I n  an  a t tempt  t o  determine the  cause f o r  t h e  d i s p r o p o r t i o n a t e  i n c r e a s e  
i n  measured drag going from t h e  H i 7  t o  H i 8  t a i l ,  t h e  wind-tunnel models were 
r e i n s p e c t e d  t o  determine i f  t h e  a i r f o i l  contours  conformed t o  s p e c i f i c a t i o n s .  
This  w a s  done by us ing  a d i g i t a l  he ight  gage t o  measure a c t u a l  a i r f o i l  o r d i -  
n a t e s .  Measurements were made a t  span s t a t i o n s  where t h e  chords of t h e  two 
t a i l s  were equa l .  
he igh t / chord  f r a c t i o n  i s  shown i n  Figure 47. Overall, H i 7  i s  s l i g h t l y  t h i n  
The e r r o r  from s p e c i f i e d  a i r f o i l  o r d i n a t e s  i n  terms of , 
.003 
.002 
''0 tail 
.oo 1 
0 
WIND-TUNNEL S.387 
ZERO TAIL LOAD 
- I I 1 I I 1 I I J 
-82 .84 .86 
M 
.EO 
Figure  46. A comparison of the z e r o - l i f t  drag c h a r a c t e r i s t i c s  
of t h e  v a r i o u s  h o r i z o n t a l  t a i l  des igns .  
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and H i 8  s l i g h t l y  t h i c k ,  however, not an amount t h a t  could a f f e c t  form f a c t o r  
1 enough t o  cause  a measurable d i f f e r e n c e  i n  drag c o e f f i c i e n t .  The mean devia-  
i t i o n  of  o r d i n a t e s  over  t h e  whole chord of H 1 8  i s  q u i t e  low on both  upper and 
lower s u r f a c e s .  
Resolu t ion  of t h e  drag  discrepancy between Hi7 and H18 t a i l s  w a s  h indered  
by t h e  f a c t  t h a t  t h e  complete airplane model w i th  H 1 7  w a s  no t  t e s t e d  under 
c o n t r a c t ,  and t h e  b r i e f  t e s t i n g  t h a t  w a s  done d i d  n o t  have a d u p l i c a t e  series 
of runs  wi th  t h e  s t anda rd  t a i l  (Hac) i n s t a l l e d .  Tes t ing  of H17 w a s  performed 
wi th  l i m i t e d  Lockheed Independent Development funding i n  conjunct ion  wi th  t h e  
L-1011-500 development program. During t h i s  tes t ,  d a t a  f o r  t h e  s t anda rd  t a i l  
w e r e  ob ta ined  wi th  a wing-body f i l l e t  i n s t a l l e d ,  but  i t  had been removed by 
t h e  t i m e  t h e  s m a l l  t a i l  w a s  t e s t e d .  Therefore ,  i t  w a s  imposs ib le  t o  determine 
t h e  a b s o l u t e  d rag  b e n e f i t s  of H i 7  compared t o  t h e  s t anda rd  t a i l .  
The H i 8  s m a l l  h o r i z o n t a l  t a i l  i s  simply an inc reased  area v e r s i o n  of t h e  
Hi7 c o n f i g u r a t i o n  f o r  which t h e  design b a s i s  w a s  a d e t a i l e d  i n v i s c i d  Jameson- 
Caughey t r a n s o n i c  f low code 22 a n a l y s i s  (Sec t ion  3 .2 .1) .  
of t h i s  program w a s  t h e  only  one a v a i l a b l e  a t  t h e  t i m e  f o r  three-dimensional  
a n a l y s i s  of l i f t i n g  s u r f a c e s .  I n  the  meantime, a new v i s c o u s  v e r s i o n  of t h e  
program w a s  made a v a i l a b l e ,  called FLO 22.5, which inco rpora t ed  t h e  e f f e c t s  
of boundary l a y e r  i nc lud ing  a sepa ra t ion  c r i t e r i o n  t o  f l a g  t h e  p o i n t  of expec- 
t e d  s e p a r a t i o n ,  a l though t h e  e f f e c t s  of s e p a r a t i o n  could n o t  be computed. 
The i n v i s c i d  v e r s i o n  
With t h e  a v a i l a b i l i t y  of t h i s  improved program, some a d d i t i o n a l  a n a l y s i s  
w a s  performed i n  an a t t e m p t  t o  f ind  a technique  of p r e d i c t i n g  t h e  unexpected 
d rag  c h a r a c t e r i s t i c s  of t h e  H i 8  t a i l .  
de te rmining  r e v i s i o n s  t o  t h e  t a i l  des ign  which would r e s u l t  i n  s a t i s f a c t o r y  
cruise drag  c h a r a c t e r i s t i c s .  
This  would then  provide  a method of 
I n  performing t h i s  a n a l y s i s ,  i t  w a s  found necessa ry  t o  model t h e  f u s e l a g e  
e f f e c t  on h o r i z o n t a l  t a i l  a i r f l o w ,  because of t h e  s i g n i f i c a n t  b o a t t a i l  e i f e c t  
on t h e  inboard s e c t i o n  p r e s s u r e s  of t h e  t a i l .  Modeling of  t h e  f u s e l a g e / t a i l  
combination is  i l l u s t r a t e d  i n  Figure 48. .. 
Resu l t s  of t h e  a n a l y s i s  w i th  and without  t h e  f u s e l a g e  b o a t t a i l  e f f e c t  are 
shown i n  F igure  49. 
wind-tunnel d a t a  i s  ob ta ined ,  inc luding  t h e  drag  "creep" e f f e c t ,  by p rope r ly  
modeling t h e  f u s e l a g e  b o a t t a i l  e f f e c t .  This  f i n d i n g  w a s  s i g n i f i c a n t  i n  t h a t  
a method w a s  now a v a i l a b l e  f o r  a n a l y t i c a l l y  de te rmining  mod i f i ca t ions  t o  t h e  
H i 8  des ign  t o  e l i m i n a t e  i t s  undes i rab le  d rag  c h a r a c t e r i s t i c s .  
These d a t a  show t h a t  a good c o r r e l a t i o n  of a n a l y s i s  w i th  
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5. FINAL SMALL TALL DESIGN 
5.1 Planform/Air fo i l  Modif icat ion 
A f t e r  t h e  d i sappo in t ing  r e s u l t s  which emerged from t h e  H i 8  high-speed 
test  program, a review w a s  he ld  wi th  NASA c o n t r a c t  monitors  and t e c h n i c a l  
s p e c i a l i s t s  t o  dec ide  upon an appropr i a t e  course  of a c t i o n  f o r  determining a 
s a t i s f a c t o r y  s m a l l  h o r i z o n t a l  t a i l  design. A review of t h e  r e s u l t s  of inde-  
pendent development of s m a l l  h o r i z o n t a l  t a i l  des igns  by NASA, inc lud ing  wind- 
t u n n e l  test  d a t a ,  revea led  s i g n i f i c a n t  d i f f e r e n c e s  between NASA and Lockheed 
des igns .  The fo l lowing  d i f f e r e n c e s  were i d e n t i f i e d :  
Sweep Angle cZ/4 )  
Aspect Rat io  
A i r f o i l  Sec t ions  
A i r f o i l  Thickness  
A f t e r  reviewing t h e  d a t a  
encountered wi th  t h e  Lockheed 
1)  i n c r e a s i n g  t h e  sweep angle  
NASA 
32.5' 
- Lockheed 
25' 
3 . 0  4.5 
NASA developed Lockheed Developed 
inve r se  camber i n v e r s e  camber 
& symmetrical 
10% 10.5% 
i t  was  concluded t h a t  t h e  drag c reep  problem 
conf igu ra t ion  could be e l imina ted  by: 
of t h e  t a i l ,  2) us ing  one of t h e  NASA a i r f o i l  
s e c t i o n s  which i s  one-half pe rcen t  t h inne r ,  and 3) r e t a i n i n g  t h e  4.5 a spec t  
r a t i o  planform. Of t h e  two NASA a i r f o i l s ,  t h e  symmetrical s e c t i o n  w a s  
s e l e c t e d  because of i t s  good low-speed p r o p e r t i e s .  Ord ina te s  of t h i s  air- 
f o i l  s e c t i o n  are shown i n  F igure  50. 
It was f u r t h e r  dec ided  t o  determine an  a p p r o p r i a t e  sweep ang le  f o r  t h e  
h o r i z o n t a l  t a i l  by means of  v i scous  Jameson-Caughey a n a l y s i s ,  and based on 
t h e  r e s u l t s  of t h a t  a n a l y s i s  t o  proceed wi th  high-speed model c o n s t r u c t i o n  and 
t e s t i n g  a t  Calspan. A d e c i s i o n  on low-speed model c o n s t r u c t i o n  and wind-tunnel'  
t e s t i n g  w a s  delayed u n t i l  a f t e r  t h e  r e s u l t s  of t h e  high-speed test  could  be 
reviewed. 
F igu re  51 shows t h e  e f f e c t  of sweep ang le  on s m a l l  h o r i z o n t a l  t a i l  zero-  
l i f t  d rag ,  as determined by v i scous  Jameson-Caughey FLO 22.5 a n a l y s i s .  Based 
on t h e s e  r e s u l t s ,  a sweep a n g l e  of 35 deg rees  w a s  s e l e c t e d  f o r  t h e  wind-tunnel , 
model. I 
5.2 H19 Design Layout 
A l ayou t  of t h e  f i n a l  small h o r i z o n t a l  t a i l  des ign  i s  shown i n  F igu re  52. 
The wind-tunnel model des igna t ion  fo r  t h i s  t a i l  is  HI9 .  
H19 t a i l  compare wi th  t h e  prev ious  designs as shown i n  Table 6. 
C h a r a c t e r i s t i c s  of  t h e  
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Figure 50. - NASA symmetrical airfoil section. 
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Figure 51. -,Viscous Jameson-Caughey HI9 small horizontal tail zero-lift drag. 
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Table 6. - H1g SMALL TAIL COMPARATIVE DATA 
Aspect ratio 
Taper ratio 
Camber 
Leading-edge radius 
Thickness ratio 
Quarter chord sweep 
Area, (ft2) 
Total 
Exposed 
Exposed/Total 
Elevator chord ratio 
Stabilizer throw 
Elevator throw 
"8, 
Standard 
4 
033 
0 
0.0089~ 
0.09 
35O 
1282 
960 
0.75 
0.25~ 
15' 
25' 
4 
033 
0.013~ 
0.006c 
0.09 
28' 
800 
552 
0.69 
0 . 3 ~  
40' 
20° 
4 
0.33 
0.016~ 
0.036~ 
0.1045 
25' 
800 
552 
0.69 
0 . 3 ~  
40' 
20° 
4.5 
0.33 
0.016~ 
0.036~ 
0.1045 
25' 
898 
652 
0.13 
0 . 3 ~  
17'. 
35O 
4.5 
0.33 
0 
0.01 5c 
0.10 
35O 
898 
644 
0.72 
0 . 3 ~  
17' 
35O 
5.3 Wind-Tunnel T e s t  R e s u l t s  
5.3.1 High speed. - High-speed f o r c e  tests of t h e  H 1 g  small h o r i z o n t a l  
t a i l  were performed dur ing  t h e  per iod  20 t o  26 August 1981 i n  t h e  Calspan 
8-Foot Transonic  Wind Tunnel. 
moments were ob ta ined  i n  t h e  Mach number range of 0.70 t o  0.95 a t  ang le s  of 
a t t a c k  ex tending  t o  t h e  l i m i t  determined by model dynamics. 
Complete c o n f i g u r a t i o n  six-component f o r c e s  and 
The pr imary purpose of t h i s  test w a s  t o  d e f i n e  t h e  zero  t r i m  d rag  p o l a r  
c h a r a c t e r i s t i c s  of  t h e  L-1011 wi th  H1g s m a l l  and H a c  s t anda rd  h o r i z o n t a l  
t a i l s .  
shows t h e  incrementa l  d rag  c h a r a c t e r i s t i c s  of t h e  H19 and H 8 c  t a i l s  c ross -  
p l o t t e d  as a f u n c t i o n  of a i r p l a n e  l if t  c o e f f i c i e n t .  
r e s u l t s  confirm t h a t  t h e  d e s i r e d  high-speed d rag  improvements of  t h e  H19 s m a l l  
t a i l  w e r e  ach ieved;  i . e . ,  t h e  drag was f u r t h e r  reduced and t h e  Mach number 
c reep  e l imina ted ,  compared t o  previous r e s u l t s  f o r  t h e  HI8 t a i l  (F igure  4 4 ) .  
For a c r u i s e  cond i t ion  of 0.4 l i f t  c o e f f i c i e n t  and 0.83 Mach number, t h e  zero- 
l i f t  d rag  f o r  t h e  H1g t a i l  is 20 counts and f o r  t h e  s t anda rd  t a i l  (Hac) 26 
coun t s .  
b e n e f i t  t h a t  w a s  o r i g i n a l l y  p red ic t ed  f o r  t h e  H 1 8  (Sec t ion  3 .3 .3 ) .  This  
t r a n s l a t e s  i n t o  an o v e r a l l  c r u i s e  L/D b e n e f i t  of about  2 pe rcen t ,  i nc lud ing  
t h e  weight r educ t ion  of t h e  smaller t a i l .  
Data f o r  a Mach number of  0.83 are shown i n  F igure  53. F igu re  54 
Genera l ly  t h e s e  test  
The d i f f e r e n c e  of 6 counts  a t  wind-tunnel scale i s  equal  t o  t h e  drag  
Thus having achieved t h e  long sought -af te r  c r u i s e  drag  b e n e f i t s  of a 
smaller t a i l ,  i t s  a c c e p t a b i l i t y  w a s  now dependent on r e s u l t s  of low-speed 
c o n t r o l  e f f e c t i v e n e s s  tests. 
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Figure 53. - Zero trim drag polar characteristics of the L-1011 with H19 small 
and H8c standard horizontal tails - Calspan test results. 
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Figure 54. - Zero lift drag characteristics of the H 1 9  small and 
Hgc standard horizontal tails. 
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5.3.2 Low speed. - The H small h o r i z o n t a l  t a i l  c o n f i g u r a t i o n  w a s  
wind-tunnel t e s t e d  i n  t h e  NASAjAmes 12-Foot P r e s s u r e  Tunnel dur ing  t h e  p e r i o d  
from 4 through 15 January  1982. 
test  designed t o  o b t a i n  t h e  c o n t r o l  e f f e c t i v e n e s s  of t h e  small h o r i z o n t a l  t a i l  
wi th  wing f l a p s  a t  t h e  maximum takeof f  s e t t i n g  26 degrees ,  which d e f i n e s  t h e  
t a i l  s i z e  requirement f o r  t akeof f  r o t a t i o n .  
This  w a s  a low-speed, h igh  Reynolds number 
R e s u l t s  of t h i s  test were used t o  e x t r a c t  t h e  maximum l i f t  c h a r a c t e r i s t i c s  
These i n  F igure  55 and 56 f o r  t h e  H1g small and Hgc s t anda rd  h o r i z o n t a l  t a i l s .  
d a t a  show t h a t  t h e  H 1 g  t a i l  achieved a l i f t  c o e f f i c i e n t  of -1.26, which i s  
10 pe rcen t  below t h e  t a r g e t  v a l u e  of -1.4. However, t h e  d a t a  a l s o  show t h a t  
t h e  s m a l l  t a i l  des ign  w a s  p a r t i a l l y  s u c c e s s f u l  i n  t h a t  i t  ob ta ined  a C L ~ ~  
11 pe rcen t  h igher  than  t h e  s t anda rd  t a i l ,  even though a much h i g h e r  pe rcen tage  
of t h e  t a i l  is embedded i n  t h e  f u s e l a g e .  S t i l l ,  t h e  s m a l l  t a i l  des ign  d i d  n o t  
m e e t  t h e  requirement of o b t a i n i n g  t h e  same c o n t r o l  power as t h e  s t anda rd  t a i l  
f o r  nose-wheel l i f t - o f f  a t  t h e  forward cen te r -o f -g rav i ty  l i m i t ,  which i m p l i e s  
some r e s t r i c t i o n  of c.g.  range f o r  t h i s  des ign  t o  be usab le .  
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Figure 55. HI9 small tail high-lift characteristics. 
79 
OR161NAL PAGE E 
OF POOR QUALITY 
WIND-TUNNEL TEST N-376 
H8CSTANDARD 
HORIZONTAL TAIL 
-1.2 
-1.0 
-0.8 
VCLH 
-0.6 
-0.4 
-0.2 
20 16 12 8 4 
0.2 
0.4 
0.6 
-4 -8 -12 -16 -20 
OCH - deg 
SYM 6 8  6H 
V -29 0 
-6 
-10 
-14 
-6 
-10 
-14 
vv 
0' -10 0 
U -6 
D -10 
-14 
0 0 
-6 
-10 
9 -14 
t;l 
0-0 
0 
Figure 56. Hac standard horizontal tail high-lift characteristics. 
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CONCLUSIONS 
I n  a d d i t i o n  t o  l o n g i t u d i n a l  s t a b i l i t y  requi rements ,  h o r i z o n t a l  t a i l s  are 
s i z e d  t o  m e e t  c e r t a i n  c o n t r o l  requirements f o r  a s p e c i f i e d  cen te r -o f -g rav i ty  
range. The re fo re ,  i n  o r d e r  t o  reduce  t a i l  s i z e  by us ing  a c t i v e  c o n t r o l s  t o  
p rov ide  s t a b i l i t y  /augmentation, i t  is  necessary  t o  p r o p o r t i o n a l l y  enhance I 
t h e  aerodynamic e f f e c t i v e n e s s  of t h e  su r face  t o  r e t a i n  t h e  same c o n t r o l  power 
c a p a b i l i t y  . 
T h i s  s tudy  has  shown t h a t  by des igning  t h e  t a i l  t o  achieve  t h e  d e s i r e d  
high-speed d rag  b e n e f i t s ,  i t  w a s  no t  p o s s i b l e  t o  ach ieve  t h e  r e q u i r e d  low-speed 
c o n t r o l  c a p a b i l i t y  without r e s o r t i n g  t o  s o p h i s t i c a t e d  h i g h - l i f t  dev ices  
(leading-edge f l a p s ,  s l a t s ,  e t c . ) .  This i n t r o d u c e s  an  unwanted a d d i t i o n a l  
complexi ty  i n  h o r i z o n t a l  t a i l  des ign  which would r e q u i r e  e x t e n s i v e  development 
and t e s t i n g  t o  ensure  r e l i a b i l i t y  and f l i g h t  s a f e t y  i n  t h e  even t  of a system 
f a i l u r e  . 
The a l t e r n a t i v e  would be t o  manage t h e  cen te r -o f -g rav i ty  l o c a t i o n  of t h e  
a i r p l a n e  more c a r e f u l l y ,  e i t h e r  by loading  o r  f u e l  pumping, t o  reduce t h e  range 
of c .g .  movement, t h u s  dec reas ing  t h e  c o n t r o l  requi rements  of  t h e  t a i l .  I f  
t h i s  could  be accomplished, and by adhering t o  t h e  c r i t e r i o n  t h a t  a t  least 
n e u t r a l  s t a b i l i t y  be r e t a i n e d ,  then  the  r e s u l t s  of t h i s  s t u d y  show t h a t  an 
a c t i v e  c o n t r o l  small h o r i z o n t a l  t a i l  could be des igned  f o r  nex t  gene ra t ion  
t r a n s p o r t  a i r c r a f t  t o  reduce c r u i s e  drag by 2 t o  3 p e r c e n t .  
81 
REFERENCES 
1. Urie, D.M., and Passer, J.S. "Aerodynamic Development of a Small 
Horizontal Tail for an Active Control Released Stability Transport 
Application," AIAA Paper 79-1653, 1979. 
2. Bingham, Gene J. and Noonan, Kevin W., "Low Speed Aerodynamic Charac- 
teristics of Five Hel'copter Blade Sections at Reynolds Numbers from 
2.4 x lob to 8.4 x IO',' NASA TMX-2467, 1972. 
3. Jameson, A., Caughey, D.A., Newman, P.A., and Davis, R.M., "A Brief 
Description of the Jameson-Caughey NYU Transonic Computer Program - 
FLO 22," NASA TM-73996, 1976. 
4 .  Jameson, A . ,  Caughey, D.A., "Numerical Calculation of the Transonic 
Flow Pact a Swept Wing," NASA-CR-153297, 1977. 
PRECEDING PAGE BLANK NOT FILMED 
1. Report No. 
NASA CR-172278 
February 1, 1 9 8 4  
Development of a Reduced A r e a  Hor i zon ta l  T a i l  f o r  a 
Wide Body Jet  A i r c r a f t  6. Performing Organization Code 
2. Government Accession No. 3. Recipient's Catalog No. 
7. Author(s) 
J e r r y  J .  Ris ing  
4. Title and Subtitle 
~~ 
9. Performing Organization Name and Address 
5. Report Date 
Lockheed C a l i f o r n i a  Company 
Burbank, Ca l i fo rn ia  
19. Security Classif. (of this report) 
Unclas s i f i ed  
2. Sponsoring Agency Name and Address 
Nat iona l  Aeronaut ics  and Space Adminis t ra t ion  
Washington, DC 20546 
21. No. of Pages 22  Price' 20. Security Classif. (of this page) 
Unclas s i f i ed  98 
~~ I 8. Performing Organization Report No 
I LR 3 0 6 4 5  
10. Work Unit No I 
1 1 .  Contract or Grant N o  
NASl - 15326 
13. Type of Report and Period Covered 
Cont rac to r  Report  -i Jan 1982 - Dec 1982 
14. Sponsoring Agency Code 
5. Supplementary Notes 
Langley t echn ica l  monitor :  Dennis W .  Bar t le t t ,  
F i n a l  Report  
16. Abstract 
A r e s e a r c h  program w a s  performed t o  develop a reduced area h o r i z o n t a l  t a i l  con- 
f i g u r a t i o n  f o r  the L-1011 t h a t  would provide  f u e l  s av ings  of approximately two t o  
t h r e e  percent .  The scope of t h e  program inc luded  d e s i g n  c r i t e r i a  d e f i n i t i o n ,  aero-  
dynamic a n a l y s i s ,  t a i l  c o n f i g u r a t i o n  development, and wind tunne l  tests.  
Three planform c o n f i g u r a t i o n s  w e r e  eva lua ted :  one w i t h  a reduced area of 
38 pe rcen t  and two w i t h  a reduced area of 30 pe rcen t  r e l a t i v e  t o  a Lockheed L-1011 
s tandard  t a i l .  P r i n c i p a l  planform parameters eva lua ted  were a s p e c t  r a t i o  and q u a r t e r  
chord sweep angle .  The a i r f o i l  parameters eva lua ted  included camber, l e a d i n g  edge 
r a d i u s ,  and th ickness  r a t i o .  The L-1011  has  a f l y i n g  s t a b i l i z e r  w i t h  a geared 
e l e v a t o r .  Consequently,  s t a b i l i z e r / e l e v a t o r  throw w a s  inc luded  i n  t h e  e v a l u a t i o n .  
High speed wind t u n n e l  t e s t s  showed drag  r educ t ions  o f  approximately twenty 
pe rcen t  f o r  t he  38 pe rcen t  s m a l l  t a i l  and f o r  t h e  30 pe rcen t  s m a l l  t a i l  w i t h  t h e  
bes t  a i r f o i l .  However, t h e  t a i l s  d i d  not  ach ieve  t h e  low speed maximum l i f t  
c h a r a c t e r i s t i c s  requi red  f o r  t h e  I,-1011 wi thout  r e s o r t i n g  t o  s o p h i s t i c a t e d  h i g h - l i f t  
devices .  Thus, a forward c .g .  l i m i t a t i o n  would have t o  be imposed on t h e  a i r p l a n e .  
On a new a i r c r a f t  des ign ,  optimum landing  gear  l o c a t i o n ,  c o n t r o l l e d  c . g .  r ange ,  
and inc reased  s t a b i l i z e r / e l e v a t o r  throws could p o s s i b l y  so lve  t h e  l i f t  d e f i c i e n c y  
problem, and i t  would be  f e a s i b l e  t o  u t i l i z e  t h e  s m a l l  t a i l  t o  r e a l i z e  s i g n i f i c a n t  
f u e l  sav ings .  
17. Key Words (Suggested by Author(s1 ) 
Longi tudina l  Cont ro l ,  Hor i zon ta l  
T a i l  Design, Aerodynamic E f f i c i e n c y ,  
Drag Reduction 
18. Distribution Statement 
. 
8 
